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THE INSTITUTION OF PETROLEUM TECHNOLOGISTS, 


NOTICES. 


The Institution as a body is not responsible for the statements or 
opinions expressed in any of its pu lications. 

The entire contents of the Journal are covered 

Copyright. by general copyright, and official permission 

is necessary for reprinting long abstracts; but editors may use 

not more than three pages of any paper, provided that credit is 

given as reproduced from the Journal of The Institution of 
Petroleum Technologists. 

The Journal appears in four parts per sessional 

volume, viz. in December, February, April 

and June. A brochure describing the origin, 


Issue of 
Journal. 


progress and purposes of the Institution, and comprising also the 
Memorandum and Articles of Association, the By-Laws and 
Regulations of the Institution, the Library Catalogue to date 
(with subject index), and the List of Members, was published in 
September, 1915, and will be followed annually by revisions of 
the Library Catalogue and List of Members. 

Members of all classes are entitled to receive these publications 
free: for additional copies of the Journal they will be charged at 
the price of five shillings per part, and of the brochures at the 
prices stated on the wrappers, varying in proportion to bulk. 


It is particularly requested that members 
notify the Secretary immediately of any 
change of address; and members are also 
requested to advise the Parcel-Post Department as well as the 
Letter Office, of any temporary change of address, as, unless this 
is done, parcel-post packets will not be re-addressed ; but will 
be returned to the offices of the Institution in London, thus 
incurring further expense for postage. 


Papers should be written in the third person, 
and the copy should be carefully corrected by 
the author before it is presented. 

All drawings, diagrams or other illustrations should be sent in 
a fit state for direct photographic reproduction. 

All quotations, technical terms, and localisms should be indi- 
cated by means of inverted commas. 

Foreign weights, measures, and costs should be given whenever 
possible ; and also their English equivalents. 


To Authors 
of Papers. 
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It is suggested that authors append as complete a bibliography 
of the subject treated as may be possible. 

All papers and notes submitted to the Institution are supposed 
to be original communications unless distinctly stated to be other- 
wise, in which case the exact reference to the previous publication 
should be given. 

Communications upon papers read at meetings, notices of 
personal movements, or other matter for which publication is 
desired in the next issue of the Journal, should be in the hands 
of the Editor on or before the last day of January, March, May 
or November as the case may be. Subsequent delivery may be 
too late for insertion. 


In the full catalogue of the Library, published 
in our brochure of September, were included 
the titles of such papers in journals received 
as bear upon any subject within the purview of the Institution. 
Such titles are not included in the intermediate lists given in our 
several parts, where, as below, the journals received are acknow- 
ledged in single entries. 

The attention of such of our members as are authors is directed 
to the absence of their works from the Library, (with some 
exceptions), and we shall be particularly thankful for gifts of treatises 
on special branches of technology, and for separate copies of papers 
contributed to other Institutions and to journals, either in past 
or future. 


The 
Library. 
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Apams, G. LL, E. Haworrn, and W. R. Crane. Economic 
Geology of the Iola Quadrangle (Kansas). Bull. U.S. Geol. 
Survey, no. 238. Pp. 88, 11 pls. 1904. 

Anpgrson, R., and R. W. Pack. Geology and Oil Resources of 
the West Border of the San Joaquin Valley, North of Coalinga, 
California. JIbid., no. 603. Pp. 220, 4 pls. 1915. 

Arnotp, R., and H. R. Jounson. Preliminary Report on the 
MecKittrick-Sunset Oil Region, Kern and San Luis Obispo 
Counties, California. IJbid., no. 406. Pp. 225, 4 pls. 1910. 

A\rwoop, W. W. Geology and Mineral Resources of Parts of the 
Alaska Peninsula. JIbid., no. 467. Pp. 187; 14 pls. 1911. 

Becker, G. P. Relations between Local Magnetic Disturbances 
and the Genesis of Petroleum. Ibid., no. 401. Pp. 24. 1910. 

Brooks, A. H. and Others. Report on Progress of Investigation= 
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of Mineral Resources of Alaska in 1904. JIbid., no. 259. Pp. 
196, 3 pls. 1905. 
(Petroleum, by G. C. Martin, pp. 128-139.) 

CampsBEeLL, M. R. Contributions to Economic Geology, 1908. 
Part ii. Mineral Fuels. Bull. U.S. Geol. Surv., no. 881. Pp. 
559, 24 pls. 1910. 

(Petroleum, by R. AnpERsON, D. T. Day, J. A. Tarr, W. J. Resp 
and C. W. WasHBURNE, pp. 475-547, pls. xxiii, xxiv.) 

—— Idem. (Short Papers and Preliminary Reports) 1909. Jbid., 
no. 431. Pp. 254,12 pls. 1911. 

(Petroleum and Natural Gas, by A. G. Leonarp, H. E. Grecory, 
C. W. WasHBURNE and R. ANDERSON, pp. 7-87, pls. i-iii.) 

—— Idem, 1910. Ibid., no. 471. Pp. 663, 62 pls. 1912. 
(Petroleum and Natural Gas by M. J. Munn, C. H. Wecremay, E. G. 
Wooprurr and R. ANDERSON, pp. 9-136, pls. i—x.) 

— Idem, 1911. Ibid., no. 541. 1918. 
(A—D only, viz., Petroleum and Natural Gas, by D. D. Conpirt, E. W. 
Sxaw, C. D. Smits, V. H. Barnett, D. F. Hewett, C. T. Lupton. 
and G. B. Ricwarpson, pp. 1-157, pls. ivi.) 

—— Idem, 1912. Ibid., no. 581. 1914. 

(A and D only, viz., Petroleum and Natural Gas by E. G. Wooprurr 
and D. T. Day, pp. 1-21, pl. i: and R. W. Pack and W. A. En@uisu, 
pp. 119-160, pl. v.) 

—— Idem, 1913. Ibid., no. 621. 1915. 

(A—J only, viz., Fuels, by C. E. LesHer, C. H. Wecemann, K. C. 
Heap, C. F. Bowen, R. W. Howe C. A. BontneE and C, T. Lupron, 
pp. 1-115.) 

Canapa. The Production of Coal and Coke in Canada during the 

Calendar Year 1914. Canada Dep. Mines, Mines Br. Rep. 


no. 348. 1915. 

—— The Production of Copper, Gold, Lead, Nickel, Silver, 
Zinc, and Other Metals, in Canada during the Calendar Year 
1914. IJbid., no. 350. 1915. 

—— Description of the Laboratories of the Mines Branch of the 
Department of Mines, Ottawa. Jbid., no. 406 (Bulletin 13). 
1916. By Exchange. 

Cassizer’s ENGINEERING Monruvy, vol. xlix, no. 5, 6. 1916. 
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Day, D. T. The Production of Petroleum in 1911. Min. Res. 
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Dunsvan, A. E., and F. B. Tuote. A Senior Experimental 
Chemistry. Pp. xiii, 522. 8vo, London, 1916. 

From the publishers (Methuen & Co., Lid.). 
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Fenneman, N.M. Geology of the Boulder District (Colo.). Bull. 
U.S. Geol. Surv., no. 265. Pp. 101, 5 pls. 1905. 

4ias AND Orn Power, vol. xi, nos. 128, 129. 1916. 

Gur, J. E., and O. E. Bransxy. The Diffusion of Crude 
Petroleum through Fuller’s Earth. Bull. U.S. Geol. Surv., 
no. 475. Pp. 50. 1911. 

Gunpix, J. E., and M. P. Cram. The Fractionation of Crude 
Petroleum by Capillary Diffusion. IJbid., no. 365. Pp. 33. 
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ImperRIAL BULLETIN, vol. xiv, no.1. 1916. 

InpiA, GEOLOGICAL Survey, Recorps, vol. xlv, no. 4. 1916. 

or anp BuLietin, no. 140. 
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InstiruTioN or Enoinerrs, Transactions, vol. li, pt. 
ii. 1916, 

Kauncrete ENGINEERING, Vol. ili, no. 13. 1916. 

McLeisn, J. The Production of Iron and Steel in Canada During 
the Calendar Year 1914. Canada Dep. Mines, Mines Br., Rep. 
no. B49. 

The Production of Cement, Lime, Clay Products, Stone and 
other Structural Materials, in Canada During the Calendar 
Year 1914. Jbid., no. 388. 1915. 

Preliminary Report on the Mineral Production of Canada 
During the Calendar Year 1915. IJbid., no. 408. 1916. 

Marine Encinerr, vol. xxxviii, pts. 10,11. 1916. 

Martix, G.C. The Petroleum Fields of the Pacifie Coast of Alaska, 
and the Bering Coal Field. Bull. U.S. Geol. Surv., no. 250. 
Pp. 64,7 pls. 1905. 

Munn, M. J. Reconnaissance of the Grandfield District, Okla- 
homa. Ibid., no. 547. Pp. 83,5 pls. 1914. 

—— Reconnaissance of Oil and Gas Fields in Wayne and MeCreary 
Counties, Kentucky. IJbid., no. 579. Pp. 105, 6 pls. 1914. 
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Perroteum Wor p, vol. xiii, nos. 5.6. 1916. 
From Sir Boverton Redwood. 

Roya. Sociery or Arts, JouRNAL, vol. lxiv, nos. 3311-3318. 

Scumip, H. 8. pre. Investigation of a Reported Discovery of 
Phosphate in Alberta. Canada Dep. Mines, Mines Br., Rep. 
no. 385. 1916. 

Scuorietp, 8. J. Geology of Cranbrook Map-Area, British 
Columbia. Canada Geol. Surv. Mem. no. 76. 1915. 

Suaw, E. W., and M. J. Munn. Coal, Oil and Gas of the Foxburg 
Quadrangle, Pennsylvania. Bull. U.S. Geol. Surv., no. 454. 


Pp. 85; 10 pls. 1911. By Exchange. 
Skinner, W. R. The Oil and Petroleum Manual, 1916. 8vo, 
London, 1916. Purchased. 


Society or CuemicaLt INpustry Journan, vol. xxxv, nos. 8-11. 
1916. 

Wasupurne, C. W. Reconnaissance of the Geology and Oil 
Prospects of North-Western Oregon. Bull. U.S. Geol. Surv., 
no. 590. Pp. 111, pl. 1915. 

Woop, R. H. Oil and Gas Development in North Central Okla- 
homa. Ibid., no. 531, pp. 27-53, pl. v. 1912. 

By Exchange. 


A limited number of advertisements of firms 
interested in the Petroleum Industry, may be 
inserted in the Journal. Application for terms, 
ete., should be made to the Secretary. 


Advertisements 
in the Journal. 


LIST OF ADVERTISERS. 


(Members are desired, when making enquiries or placing orders 
with advertisers, to mention that they have seen their announce- 
ment in the Journal). 

W. Curistie & Grey, Lrp. 

W. J. Fraser & Co., Lrp. 

Om We. Suppiy Co. 

University oF BrrMincuam Course. 
W. H. & Co., Lrp. 
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A Senior Experimental Chemistry. By Drs. A. E. Dunstan and 
F. B. Tuote. Pp. xiii, 522. S8vo, London (Methuen & Co., 
Ltd.), 1916. 


This handy little volume has been compiled by the experienced authors 
(both members of this Institution), chiefly for use by the upper forms 
of Secondary Schools and the students in Technical Institutes. The 
treatment of the subject is based on the essentially experimental procedure 
followed by them in the East Ham Technical College, and without pro- 
posing to dictate method and sequence in the teaching of Chemistry, aims 
at explaining the established theories on which the science rests. 

The first part of the work deals mainly with the physical aspects of the 
subject, combination, gaseous phenomena, solution, classification of 
elements, and thermo-chemistry. The second part treats of the principal 
elements, and the appendices deal with methods of analysis, &c. Being 
practically concerned only with inorganic chemistry (though not so 
restricted in the title), the work hardly touches upon hydrocarbons, except 
as present in coal-gas. Whilst hydrogen is mentioned as discharged in 
small amount from oil-wells, methane (which forms the chief constituent 
of casing-head gas) is referred to only as emanating from stagnant pools 
and coal mines, and as forming about one-third of coal-gas. 

For inculcating the fundamental principles, however, which obtain 
alike in organic and inorganic chemistry, the work will be of much service, 
and the student thus grounded will the more readily advance to the special 
problems which his life-work may present. 


PERSONAL NOTES OF MEMBERS AND SPECIAL 
NOTICES. 


It is suggested that Members of the Institution send information 
regarding their movements to the Seeretary for insertion under this 
heading. 


Dr. Georce T. Bermsy, F.R.S., has received the. honour of 
knighthood, in recognition of his distinguished services to chemical 
science. 

Mr. T. Crarxson has left Peru, and is now at Ioco, Vancouver, B.C. 

Mr. Aurrep Harianp returned in May from Miri, Sarawak, to 
take up duties in this country for Messrs. the Anglo-Saxon 
Petroleum Co., Ltd. 

Mr. S. Lister James has returned from Trinidad. 

Mr. Norman SutHervanp returned from British North Borneo 
in May. 
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ADDRESSES WANTED. 


Messrs. J. T. Armstrone and M. S. p1 Menponga. 


SUBSCRIPTIONS IN ARREAR. 


Members who have not yet paid their subscriptions are reminded 
that these became due on Jauuary Ist. 


CLOSE OF THE SECOND VOLUME. 


The title-page, contents and index of this volume will be sent 
out, as previously, with the annual brochure to be issued in 
September. This will comprise the extended Library Catalogue 
(with subject index), and the corrected List of Members. 


EXPERT ADVICE DESIRED BY THE STATE. 

In response to an invitation from the Advisory Council of 
H. M. Privy Council, a schedule has been prepared of members 
of the Institution available to serve on the Panel of Experts about 
to be formed. The schedule is subdivided into the several tech- 
nological and scientific branches of the petroleum industry. 


UNIVERSITY OF BIRMINGHAM. 


PETROLEUM ENGINEERING COURSE. 


A Complete Course of Petroteum Mining is given in 
the University. The Course of siudy covers three years, and leads 
to the B.Sc. degree. The department is under the direction of 
Proressor Joun Capmany, C.M.G., D.Se., M.Inst.C.E., Petroleum 
Advisor to the Colonial Office. 


The Session commences in October. 


Full particulars of the Course can be obtained from— 
GEO. H. MORLEY, 


Secretary. 


EDITORIAL. 


Expression has reached us from various quarters 

Suggested of desire for improvement in certain details of 

Changes in the procedure of the Institution, which, being 

our Work. in every case minor matters, call for no drastic 

remedial operation by modification of By-laws 
or Articles. The present occasion, that of the closing of our 
second volume, seems appropriate for the admission of defects 
and proposals for amelioration. In the six months to elapse before 
our next issue, our most remote members have an opportunity 
of endorsing, modifying or rejecting the suggestions following. 

One of the most important of these criticisms refers to the 
limited discussion of papers read at our meetings. This is perhaps 
partly due to the scanty time left after the reading, but our 
members do not often avail ther.selves of the liberty of subsequent 
communication. Sir T. Holland lately remarked that such papers 
as that just read tended to kill discussion by their completeness. 
When a topic which might be the subject of a large volume is 
handled within the limits of a paper, and further condensed in the 
actual reading, no criticism of inadequate treatment can be 
advanced, unless in cases of gross omissions or of lack of balance in 
details advanced. The suggestion that, the full text being in the 
hands of the audience, papers should be either “‘ taken as read,” or 
uttered in brief abstract only, would not meet the difficulty raised, 
of the lack of matter available for debate, yet we think that no 
member would desire retrogression in respect of the thoroughness 
with which each subject has been placed before us, or suggest 
that authors should deliberately give occasion for criticism and 
reply for the sake of dialectic display. 

The selection of topies of less general tenor, or restricted to the 
regions outside of common knowledge, would tend to the elicita- 
tion of more valuable information, but here we are confronted 
with another difficulty, that of the commercial aspect of technical 
knowledge. Those who have with great expenditure of mental 
and physical labour, or its commuted representation as cash, 
acquired information of high present, and higher prospective, 
value, are naturally unwilling to cast it broadside to the less active 
crowd in the market-place, especially when the seed has actually 
commenced germination, and requires the more careful manipu- 
lation. A half-discovered reaction, for instance, which is largely 
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dependent for its success on some undetermined factors, may, 
by premature disclosure, be attempted and condemned by 
operators insufficiently acquainted with the matter to give it a 
really fair trial. Even in cases of practically complete certainty, 
the wording of the published specification of patents must be 
most carefully supervised, to cover, by alternative clauses, all 
probable surrogates, and possibly, under that cover, to conceal 
the one thing needful to success. 

On the other hand, a description of failures, however instructive, 
would evoke but little interest, except from competing investigators : 
few care to expend further time in recording their non-success, 
especially where it is possible that a variation in some apparently 
trivial detail might have converted the negative into a positive 
conclusion. So the side-tracks to abortive results are left for 
each successive student to follow, and the lines of profitable ad vance 
are astuciously veiled. 

In normal times this retention of knowledge, however regrettable, 
cannot be considered as reprehensible. ‘‘ My teeth before my 
relatives” is the Spanish equivalent for our own proverb as to 
home claims, and the policy of ‘‘ Wait and see ” (but read in an 
active, not an inert, sense) is perfectly justifiable. 

In the present critical conjuncture, however, it is a matter for 
each man’s conscience to determine how far his nascent invention 
is of such national importance as to make immediate promulgation, 
at least to official investigators, a patriotic duty. 

The inherent esteem of a parent for his immature offspring may 
in most cases be trusted to counteract diffidence in production 
in an incomplete stage of development : if not instantly recognised 
as a cygnet, time will show its true nature. 

There is, again, an inner and an outer circle of possible recipients, 
and here our national tendency to compromise may find scope in 
discriminating between the esoteric exposition to the selected few, 
of details already half-determined, and the exoteric enunciation 
of the broader general principles, the publication of which may 
advantageously evoke criticism and fuller research. 

As was remarked in these pages some months ago, an important 
function of this Institution is inducement of thoughtful investiga- 
tion, and this is more likely to be effected by the presentation of 
incomplete and suggestive ideas, than by any pronouncement, 
ex cathedraé, of either conclusively established facts or of irresistible 
deductions therefrom as a final formulation of natural law. We 
may hope at no distant period to have some such thought- 
compelling papers submitted to the Institution. 
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In this respect we can only tender suggestions, the Institution 
not being yet in a position to offer any tangible incentive to the 
production of communications of the class described. In saying 
this, there is no desire to depreciate the value of the exhaustive 
though concise summaries of which our first two volumes consist. 
Fundamental principles have been therein enunciated, but the 
superstructure calls for somewhat different style, consistent with 
the purposes of erection, and harmonising, but not identical in 
design, with the basis so well laid down. 


A second subject for consideration is that some of our illustrations 
are undeniably very inferior in style of presentation, and unworthy 
of the text they profess to elucidate. We may assign the cause 
in large degree to the quality of the paper, ill-adapted to the 
reproduction, in half-tone, by photographic enlargement of the 
lantern-slides lent to us by the authors of papers. This defect 
would be partly remediable by separate printing of illustrations 
and text, as was done for pp. 291-306 of our first volume, where a 
special paper was used for those pages. Under existing conditions, 
however, this is not practicable, and in any case, it breaks con- 
nection of text and illustration, which should, wherever possible, 
be in simultaneous view. 

The selected method of reproduction is not however wholly 
responsible for illegibility or other obscurity. Photographic 
reduction, whilst undoubtedly the simplest method of obtaining 
illustrations in size suited to page-dimensions, has the drawback 
of rendering illegible the lettering, whether words or figures, 
written in narrow spaces of the drawing, or even external to it, 
if not designedly written large in view of reduction. Consequently, 
if not originally prepared for the purpose of appearing within 
the width of the few inches of an octavo page, the finer detail of 
the drawing, and the smaller lettering, alike present indistinct 
blurred impressions, useless for elucidation of the text, of which 
in many cases they form an essential part. The lantern-slide is 
destined for the high magnifying power of the lenses through 
which the image is projected on the screen, but few eyes, if any, 
can decipher the lettering, &c., on the slide itself, and our page- 
width is less than twice that of the standard slide. 
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Fourteenth General Meeting. 


The Fourteenth General Meeting was held at the House of the 
Royal Society of Arts, John Street, Adelphi, W.C., on Tuesday 
evening, 18th April, 1916, Prof. John Cadman, C.M.G., D.Se., 
M.Inst.C.E., President, oceupying the Chair. 

The Members of Council present were: Mr. Herbert Barringer, 
Mr. Arthur W. Eastlake, Sir Boverton Redwood and Mr. Robert 
Redwood. A message of regret for unavoidable absence was 
received from Mr. T. C. Palmer. 


The President commenced by moving a resolution of thanks 

to Sir Boverton Redwood in the following terms :— 
Ladies and Gentlemen, 

It is my first and pleasing duty as your representative to move a 
resolution of thanks to our late President for the magnificent work 
which he has done for the science of Petroleum Technology, and for 
the untiring energy and ability which he has displayed in promoting 
this Institution, in nourishing it through that delicate period of 
incubation, and in bringing it with budding and promising youth 
to its present fully fledged and healthy condition. 

It would be presumption on my part—a ‘prentice hand in com- 
parison with the subject of my remarks—to attempt to give you an 
account of what Sir Boverton Redwood has done in a sphere which 
he has so long made his own. His association with petroleum 
dates back, I believe, to 1869, when, whilst working with his father, 
Professor Redwood, he was appointed to undertake the secretarial 
duties of the Petroleum Association. It was here that he realised 
that the scientific treatment of the subject was necessary; it was 
here that he sowed those seeds which have done so much for the 
scientific development of an Industry which embraces almost every 
corner of the civilised world. 

I suppose there are few oilfields in the world which have not 
been visited by him, or have in some measure come under his 
careful guidance, and there are many that owe their successful 
development to his investigation. 

His researches in all matters dealing with petroleum are historic, 
and he continues to make history, which every aspirant to become 
a Petroleum Technologist must needs study. His influence is felt 
in every corner of the globe, from which petroleum is obtained and 
used. His work stands as a monument which will live for all time. 

No professional technologist has rendered greater service to the 
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State, and in his capacity of technical advisor to the Admiralty, 
Home Office, Colonial Office, India Office, Corporation of London, 
Thames Conservancy, Port of London Authority, and other public 
departments, his wide experience has always been at the disposal 
of his country. 

From time to time as a member of some Royal Commission, as 
a President of some Scientific Society, his energy has been devoted 
to the furtherance of science, and in this capacity immeasurable 
service has been also rendered. 

It was, I believe, about 1901 or 1902 that he was called to counsel 
by the Admiralty, to give to the State the great benefit of his wide 
knowledge and experience of oil fuel. 

The subject was at that time receiving special attention, and 
from such intimations as reach the general public of the equipment 
of our warships, we know that oil as a naval fuel has made steady 
progress. In 1912 a Royal Commission on oil fuel was appointed 
by the Admiralty to investigate the subject further. Admiral of 
the Fleet Lord Fisher of Kilverstone was Chairman of that 
Commission, and Sir Boverton Redwood was one of a band of 
distinguished men who were selected to serve as members of the 
Commission. 

All of us who know Sir Boverton can well imagine how greatly 
honoured he felt at the confidence which the Government thus 
showed in his knowledge and judgment, and none of us who know 
him well need to be told with what energy he threw himself into 
that work, which was to him a labour of love, and at the same time 
a duty of a very sacred character. 

For many years he has given his service to the Admiralty in an 
honorary capacity, because of his sincere desire to serve his country 
by giving the best that was in him—how good that best is we 
all know. 

Sir Boverton had profound faith in the merits of oil as a fuel, 
and we know that he has been a consistent advocate of its use for 
naval purposes. He had a firm faith that Mother Earth would not 
fail to produce the needful supplies. 

I might here relate an incident as described by an eye-witness. 
During the sittings of the Royal Comission, Sir Boverton was 
unfortunately deprived for a short time of his usual active powers 
of getting about. His devotion to duty was such, however, that he 
insisted on attending the sittings of the Commission, although on 
one occasion this necessitated his being carried into the room. I 
am told that the sympathy of his colleagues and their appreciation 
of his devotion were markedly displayed on that occasion. 
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Iam sure that Sir Boverton will regard it as one of the most 
pleasant and honourable incidents of his career that he was able, 
and had the opportunity, to render important service to the great 
Navy upon whose efficiency the maintenance of our national 
existence depends. 

Those who have listened to his addresses upon the subject of 
liquid fuel, could not help being impressed with his masterly grasp 
of the subject. His paper upon Liquid Fuel before the Seventh 
International Congress of Applied Chemistry in 1909, is worthy of 
special attention, for it rang a note which still vibrates in the ear 
of every student of this great problem. 

It is not necessary for me to allude to his standard Text Book 
on Petroleum, which is so well known. I expect every person in 
this room has at some time or other extracted information from his 
Redwood, and has silently bad cause to bless its author. 

Upon the subject of Invention, our late President has been no 
mean investigator. The Redwood viscometer and other testing 
appliances are in daily use, and have established standard pro- 
cedure based upon scientific principles, which alone will perpetuate 
the name of this master-hand to future generations. 

As an Educationist his valuable assistance in the introduction of 
courses in Petroleum Technology at the Imperial College of 
Science and Technology, and the University of Birmingham, have 
been greatly appreciated, and the fruits of this phase of his 
activity will, I venture to predict, be in time a boon to activity of 
Petroleum Technology in the Country. 

Besides the many works of imperial and international import- 
ance, there is one phase in this great character to which I must 
allude, for nearly every member and associate member of this 
Institution has experienced that unfailing kindness, helpfulness and 
inspiration which he so ungrudgingly and unselfishly showers upon 
us. Sir Boverton’s personal interest in, and benevolent advice to, 
all of us has been so constantly and so freely given, that we may 
be in danger of forgetting how much it bas meant to the Institution. 

In the midst of an intensely active career, which we hope will 
continue for many years to come, he has never been too busy to 
help the newcomer, and to stimulate him to fresh efforts. 

I need not remind you that we are losing a President whom none 
can hope to replace, but the blow to this Institution is fortunately 
tempered by the fact that as a Vice-President his helping guidance 
will still be with us. 

That such an Institution as this is possible, is due to his genius; 
that it has entered successfully upon a life of ever-increasing 
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activity and usefulness, is due to his experienced guiding hand; 
that its aims are high and worthy, is a reflection of his personal 
character. 

I fear it is too much to hope that the mantle which falls from 
Sir Boverton’s shoulders may descend upon his successors in office, 
but he has raised a standard which we shall be proud to bear to 
the best of our ability; strong in the atmosphere of kindly eo- 
operation which he has done so much to create; and trusting that 
inevitable shortcomings may be lightly criticised. 

I now have the honour to ask you, Sir Boverton, to accept our 
warmest appreciation of the very valuable services you have 
rendered to the Institution during the two years in which you have 
held the office of President with such conspicuous and brilliant 
success, and I ask you, Ladies and Gentlemen, to show your 
approval with acclamation. 


The resolution was carried with cordial applause, and 


Sir Boverton Redwood, Bart., in acknowledging the com- 
pliment, said there were some occasions, of which the present was 
an example, when a speaker realised the inadequacy of words to 
express what he felt. He was deeply touched by the very kind 
reference the President had made to his (Sir Boverton’s) work, 
and he also equally highly appreciated the very generous manner 
in which those present had been so good as to receive the President’s 
remarks. He claimed very little credit for what he had accom- 
plished, because it was more through chance than any special 
merit of his own that he was enabled to take part for so many years 
in the development of the great petroleum industry of which they 
were all so proud. When he began to specialise in petroleum, 
the industry was in its infancy, and he well remembered that many 
of his friends commiserated with him upon having selected a subject 
of so limited a scope, for at that time neither they nor he knew what 
developments were in store. He had grown up, so to speak, with 
the industry, and unless he had been singularly deficient in ordinary 
capacity, it would have been impossible for him not to benefit 
by those exceptional circumstances. But he was deeply conscious 
of his many shortcomings. He recognised very fully how much 
he owed to the help, encouragement, and inspiration of others, 
and he felt that many would have made better use than he had 
done of the opportunities he had enjoyed. He was within a few 
days of completing the allotted useful span of life, and he frankly 
confessed it was a satisfaction to him to know that he had gained 
the members’ approbation, however little he might have deserved 
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it. Before entering upon the further period of life which, on 
Biblical authority, was to be regarded as one of labour and sorrow,— 
though he hoped to find in his experience that David was unduly 
depressed and pessimistic when he made that statement,—he 
was thankful that he had been permitted to further the successful 
efforts of the President in establishing at Birmingham University 
provision for a sound scientific training leading up to the degree 
of Bachelor of Science in Petroleum, such as would undoubtedly 
form the basis of the extended training of those who aspired to 
become proficient petroleum technologists. He desired to say 
also that no event in his whole life had given him such satisfaction 
as the success which had attended the founding of the Institution 
of Petroleum Technologists, and he trusted that as long as he had 
health and strength he might be allowed to continue to do all that 
lay in his power to promote the further development of that 
organisation. In Professor Cadman the Institution possessed a 
President who would do everything that was humanly possible 
to make it an even greater success than it had already become, 
and he was sure that no wiser choice could have been made than 
that of Prof. Cadman for the position to which he had been elected. 
Prof. Cadman, as the members knew, was Advisor on Petroleum 
to the Colonial Office and to the Government of Trinidad, and he 
was a recognised authority on the subject with which they dealt. 
It was a matter of satisfaction to all the Professor’s friends that 
his highly meritorious public services received well-deserved 
recognition at the hands of His Majesty the King on the occasion 
of the issue of the last Honours List, when he received the 
Companionship of the Order of St. Michael and St. George. In © 
conclusion, he tendered his most grateful thanks to the members 
for their kindness in passing the resolution. 


The President then delivered the following address :— 
PRESIDENTIAL ADDRESS. 


In opening the third session, and the first meeting at which it is 
my privilege to preside, permit me to thank you for the great 
honour you have conferred upon me in electing me to the 
Presidential Chair, and to express my fervent desire to fulfil the 
task you have set me to the credit and best interest of the 
Institution. The Office is rendered the more difficult in that 
I have to take the reins from so eminent and distinguished a 
technologist as Sir Boverton Redwood, but I am relieved to 
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know that my shortcomings may be obscured by the kindly assist- 
ance of the Council and Officers with whom it will be my good 
fortune to serve. 

I would ask you to consider for a few moments a matter which 
[ venture to think is of considerable importance at the present 
moment, and as the tin at my disposal is so brief, 1 am compelled 
to curtail my remarks within very limited dimensions. 

The greatest assets of a country are its mineral resources, 
and as these assets dwindle, as they inevitably must, the importance 
of developing those of oversea dominions must just as surely 
increase. In our easy-going Empire the policy of drift has too 
long affected every department in life and industry, but we have 
now reached a stage in the awakening of Britain at which we hear 
on all sides the reiterated determination that such a policy has 
got to cease forthwith and for ever. At this eritical period it is 
not unnatural that the Institution should take stock of its 
responsibilities, responsibilities which we owe to the profession and 
to the Empire, and to this point 1 am going to confine my remarks. 

Our individual responsibilities as members of the profession 
can be summarily dismissed, by stating that never before has 
it become so essential that efficiency and activity should be put 
into our individual labours. 

Our responsibilities to the Country opens up a very wide 
subject. From many quarters of the Empire fresh evidence of 
petroleum is almost daily being recorded, and with the possibility 
of large reserves within the Empire a common policy of develop- 
ment and conservation is indicated. 

To outline a policy here would perhaps be out of place, for 
serious consideration and discussion is necessary to assure a system 
which is applicable to every case. That it is possible, however, 
to formulate a scheme on general principles by which the most 
efficient results can be obtained from the capital expended is 
obvious. First of all, of course, a thorough geological examination 
of both proved and unproved territory is needed, and it would 
seem desirable for Imperial purposes that all geological maps 
and reports, whether prepared by private enterprise or not, should 
be recorded. In this direction it is worthy of consideration whether 
State measures are not desirable to secure the co-ordination and 
interpretation of geological data for all the Empire’s oilfields. 
In the second stage, that of investigation, in which test drilling 
is the determining factor, waste of capital and energy may be 
avoided by bringing to light both failures and successes. Whilst 
in the third period.—development, production, and refining,— 
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the waste of petroleum and natural gas could be handled to 
advantage. The amount of wastage of crude oil and natural 
gas that is daily observed on every vilfield makes it imperative 
that some definite policy should be formulated if the available 
resources are to be used to the best advantage. 

In my opinion it is most important that an enquiry be instituted 
into the actual petroleum resources, whether from oilsands or 
oilshales. How this enquiry should be carried out is a matter 
for consideration, but I would suggest that each Dominion or 
Colony should take stock, so to speak, of its own resources, and 
that afterwards a joint Committee should co-ordinate and publish 
a complete record of our Imperial resources. 1 am glad to say 
that a Committee of the Institution has already been formed to 
consider the oil-shales of this country. 

Again, enquiry may be instituted concerning processes and 
methods which might render workable oil resources at present of 
little commercial account. The subject has already been ventilated 
in the Technical Press, and too much attention cannot be 
bestowed upon this important problem. 

In order to carry out such an Imperial programme,—if I may 
use such an expression,—it becomes necessary to ensure a sound 
training for those who are to undertake responsible positions 
in the field. We have been in the past dependent upon German, 
Austrian, and other foreign technologists in our oilfields, but the 
time has come when we must make up lee-way, and provide the 
Empire with efficiently trained British subjects. In the past 
experienced men were only available in foreign oilfields, and it 
is only within the last few years that an organised branch of the 
profession of Petroleum Technology has been in existence in this 
country. 

Something has already been done by the Government to 
stimulate such a policy, although only directed to Crown Grants 
of mineral oil concessions, and it is of interest to note that in some 
cases the Government has insisted upon the work being in the 
hands of British technologists. 

The educational problem is complex. It must not be con- 
sidered that the educational process is complete and sufficient 
in the hands of the Universities, unless in active co-operation with 
works and oilfields, where a large part of the training must be 
accomplished. There is a danger of its becoming assumed that 
a boy can be converted into a petroleum technologist simply by 
sliding through a University curriculum. The practical training 
is as necessary as the theoretical, and one without the other lacks 
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the foundations which are absolutely necessary in the educational 
preparation to which all technological workers of the future must 
submit, if this great industry is to be handled with organised 
efficiency. 

The supply of materials is also a necessary adjunct of the policy 
just outlined, and in this respect British manufacturers must 
become alive to their responsibilities, and be prepared to 
manufacture every conceivable form of equipment and machinery 
which the peculiar characteristics of this industry demand and 
to keep abreast of invention and up to date in oilfield practice. 

Transport has an important bearing upon the rate of develop- 
ment of the potential zones within the less populated areas of 
the Empire. This has largely to be cultivated if the Empire is 
to profit by the rapid and cheap dissemination of petroleum and 
its products throughout the more thickly populated and industrial 
centres. Cheap and rapid transport facilities are indispensable, 
and a serious problem lies before the country to provide British- 
owned steamers for this purpose. There is little doubt that at 
the present time foreign enterprise largely caters for this traffic, 
and so long as the traffic is carried on primarily in the interest 
of foreign marketing companies, the full measure of development 
of British resources must be hampered thereby. 

The best means of adapting liquid fuel for marine propulsion 
as a substitute for coal is a subject receiving serious attention, 
and the complete solution of the problem will involve the intro- 
duction of fuel stations along the trade routes, similar to the 
present coaling stations. 

The necessity for the harnessing of the petroleum resources 
of the Empire, so as to ensure the most efficient production and 
distribution of the product is a matter of great Lmperial importance, 
and in this connection we cannot shrink from the fact that a grave 
responsibility rests upon us individually and collectively as 
members of the Institute of Petroleum Technology. 


Sir Boverton Redwood, Bart., sai it was not usual to 
discuss a Presidential address, but that did not preclude him from 
expressing, on behalf of the members, their great appreciation 
of the admirable character of the address to which they had just 
listened. He was quite sure that all would agree with the views 
the President had expressed as to the duties of the State, as well 
as of the Institution, and they would all, he was equally sure, 
concur in the policy outlined. He was therefore sure that he might 
say on behalf of the members that the address gave them the 
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fullest confidence in the manner in which the affairs of the Insti- 
tution would be administered by the President during the forth- 
coming year. 


The resolution of thanks was carried by acclamation. 


The President said it was now his pleasing privilege to call 
upon his friend and late colleague, Mr. E. H. Cunningham Craig, 
to read a paper upon “ Kerogen and Kerogen Shales.” The 
author needed no introduction to the members, as they had on 
several occasions had the pleasure of hearing him upon subjects 
on which he was so eminently fitted to speak. The present 
occasion was no exception, and although his views might be in 
some measure revolutionary to recognised theories, and in con- 
sequence might not receive acceptance from all, nevertheless a 
contribution from his able pen was always tempered with that 
originality which rendered his work worthy of serious consideration 
and discussion. 

The following paper, illustrated with several interesting lantern 
slides, was then read :— 


Kerogen and Kerogen-Shales. 
By E. H. Cunninouam Crate, B.A., F.R.S.E., F.G.8., Member. 


INTRODUCTORY. 


KEROGEN is a very useful term, first employed by Prof. Crum 
Brown, to denote the substance or substances contained in 
Scottish oil-shales from which the oil is obtained. 

It is roughly defined, by a process of elimination, as being 
neither petroleum, bitumen nor resin, but yielding petroleum 
and ammonium compounds on distillation. 

A “ kerogen-shale ’’ is a shale containing kerogen, and is thus 
distinguished from a shale containing crude petroleum or bitumen, 
which is entitled equally with a kerogen-shale to be called an 
oil-shale. 

This paper is an enquiry into the origin of kerogen, and the 
manner in which it has become associated with argillaceous beds 
to form kerogen-shales. 

On the somewhat wide definition of kerogen given above, it 
is evident that kerogen is to be found in other deposits besides 
kerogen-shales. Almost every coal, especially cannel coal and 
coking coal, yields petroleum on distillation, and does not yield 
it by treatment with solvents, and therefore may be said to. 
contain kerogen. Then there is the class of deposit known as 


© 


CRAIG: KEROGEN AND KEROGEN-SHALES. 239 


*‘ boghead coals,” torbanite or Torbanehill mineral or the stellarite 
of Nova Scotia, which have been the cause of so much litigation ; 
all of these contain very large percentages of kerogen. They 
have been looked upon as special forms of rather impure coal, 
as the richest forms of kerogen-shale, or as abnormal deposits, 
neither coal nor oil-shaie. 

Much research has been undertaken on the subject of kerogen, 
both chemical and geological, but it is proposed to confine this 
paper chiefly to the description and discussion of geological evidence, 
and to leave to chemists the difficult task of isolating and examining 
the kerogen of different deposits. 

Microscopic EviDENCE. 

Microscopic research has yielded some very interesting evidence 
on the subject, and a very brief summary of it must be given. 
Renault, Potonié and Bertrand have figured and described sections 
of Autun boghead coals and New South Wales torbanite, and 
have come to the conclusion that these are algal coals. They 
contain irrégular yellow masses, which in some cases show a faint 
structure, of which the most has perhaps been made. These 
bodies, however, are not conspicuously flattened on the planes 
of lamination, though their larger axes are usually along the bedding. 
They do not disturb the lamination, and are seen occasionally 
to extend across it. When cut horizontally they show precisely 
similar structure, but without the orientation seen in vertical 
sections. 

These bodies have been described as gelatinous colonial alge, 
and it is suggested that they may have been preserved by bitumen 
from being flattened on lamination-planes. The source of the 
bitumen is not clearly indicated, but it was suggested that it may 
have been formed from the alge themselves (Bertrand). In 
New South Wales torbanite, which is a mass of these mysterious 
yellow bodies, they are given the name of Reinschia australis. 

Prof. E. C. Jeffery, Proce. Amer. Acad., xlvi, 273 (1910), approaches 
the subject from a somewhat different point of view. Taking 
first vertical sections of cannel coal, he shows that a large number 
of vegetable spores can be recognised. Then, using special 
methods for softening the material, he has cut serial horizontal 
sections through Kentucky and Autun boghead coals, and Scottish 
torbanite, and has proved the presence of spores, occasionally 
showing unmistakable structures. Though admitting that the 
shapes and sizes of the yellow bodies vary greatly, and that in 
torbanite and Autun boghead traces of vegetable structures are 


x 
7 


240 CRAIG: KEROGEN AND KEROGEN-SHALES. 


rare and generally quite obscure, he arrives at the following 
conclusions :— 

““(1) That these irregular bodies are not colonial gelatinous 
alge. 

(2) That they are spores of vascular cryptogams. 

(3) That this overthrows the algal hypothesis of the origin 
of petroleum. 

(4) That it appears clear that petroleum products have been 
derived, mainly at any rate, from the waxy and resinous spores 
of vascular cryptogams laid down on the bottoms of the shallow , 
lakes of the Coal Period. These lacustrine layers, either as cannels, 
bogheads or bituminous shales, according to the sporal composition 
and the admixture of earthy matter, are the mother substance 
of petroleum. Pressure and temperature, either separately or 
combined, in the presence of permeable strata, have brought about 
the distillation of petroleum from such deposits.” 

These conclusions, and especially the last, are very significant. 
The association of these mysterious yellow bodies with petroleum 
seems to be established, though, as will be seen later, the relation- 
ship may not be exactly that indicated by Prof. Jeffreys. 

All oil-shales are stated to contain these yellow bodies, and the 
yield of oil is said to be in direct proportion to the number of 
yellow bodies, though the oils distilled differ in some ways from 
crude petroleum, principally by containing very small percentages 
of petrol or naphtha. 

For the purposes of this paper the question of these yellow 
bodies has been gone into very thoroughly ; a number of micro- 
scopic slides have been cut specially from specimens of Scottish 
torbanite and several of the best known Scottish oil-shales, while 
through the kindness of Prof. A. C. Seward of Cambridge University 
and of Mr. D. R. Steuart of the Broxburn Oil Co. a large number 
of slides, cut both vertically and horizontally, of Autun and 
Kentucky boghead coals, Australian, and Scottish torbanite, and 
oil-shales from Scotland, South Africa and Bulgaria, have been 
examined by the writer. 

The examination of these has led to some very interesting 
results, which may be stated briefly. 

The boghead coals and torbanites contain the mysterious yellow 
bodies in great quantities. They are of all sizes, and often of 
very irregular shape ; they show no definite vegetable structures, 
and have a mottled appearance, and often a faint radial arrange- 
ment recalling that of some concretions. Vegetable fossils are 
frequent in these deposits, and true spores can be detected 
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Fic. 35. Spores in Cannel and Boghead Coals, a, vertical, 
6, horizontal section. 


Fie, 36. Scottish Torhanite, vertical sections 
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occasionally. These are invariably flattened on the planes of 
lamination. The larger vegetable fossils, preserved as coal, though 
often somewhat flattened, disturb the lamination, causing it to 
curve round them, proving that they were hard and solid bodies 
during the consolidation of the deposit. They have sharp and 
definite outlines. 

The yellow bodies, on the other hand, have frequently rather 
indefinite outlines; though often arranged with their longer 
ones parallel to the planes of lamination, they are not flattened 
on these planes. In some cases, notably in the Autun bogheads, 
the larger masses are seen to be formed of a number of smaller 
bodies, aggregated and anastomosed. They are very often roughly 
spherical in shape, both in vertical and horizontal section, and 
they do not disturb the lamination like the vegetable fossils or any 
large inorganic particles that may be present. In fact they 
interrupt the lamination without disturbing it. It follows that 
these yellow bodies cannot have existed as solid bodies when the 
deposits were formed; they have been developed since, quite 
irrespective of the lamination. This disposes at once of any 
claim that they are vegetable fossils of any kind. 

Examination of macroscopic specimens bears this out. All 
torbanites and oil-shales are finely laminated, though the lamina- 
tion often does not appear prominently till after the material has 
been retorted. When the percentage of kerogen is very large, 
as in torbanites, a conchoidal fracture is developed, obscuring 
the lamination. Conchoidal fracture denotes homogeneity in 
all directions. Were the yellow bodies vevetable fossils deposited 
as the rock was formed, the lamination would be accentuated 
rather than obscured when the number of these was very large. 

When we turn to true oil-shales as distinguished from boghead 
coals and torbanites we find a different state of things. Vegetable 
fossils are still present occasionally, and inorganic matter is, of 
course, much more in evidence. Yellow bodies, which we may 
consider as kerogen particles, are not nearly so numerous, do not 
form rounded masses with radial structure, and are generally 
smaller and much less definite in outline. Small rounded or 
lenticular globules, however, are usually present, and they do not 
disturb the lamination, but most of the kerogen seems to occur 
as a coloration in somewhat indefinite streaks and patches, 
including the inorganic particles of the rock. Every stage between 
fairly definite particles and indefinite colorations or impregnations 
can be observed, and a fringe of kerogen round a piece of wood 
preserved as coal has been observed. 
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Fie. 37. Dunnet Shale, vertical section. 


In a section of Dunnet Shale cut at right angles to the bedding, 
a large and rather indefinite mass of kerogen is shown at the top 
of the figure, while a fragment of wood preserved as coal crosses 
the lower part. Inorganic fragments are fairly numerous, and 
these are in some cases surrounded, and in some partially invaded, 
by cloudy and indefinite streaks of kerogen. Small fragments 
and strings of carbonaceous matter show the lamination. 


Fic. 38. Broxburn Shale, vertical section. 


In a section of Broxburn Shale an inorganic grain is seen dis- 
turbing the lamination, while small and rather indefinite globules 
of kerogen act differently. At the bottom is seen a lamina, 
somewhat indefinite in outline, and largely composed of kerogen. 
The carbonaceous nature of the rock is shown by the presence 
of numerous minute fragments and strings of coal or carbon. 
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Another slide of Broxburn Shale shows both an inorganic grain 
and a vegetable fossil disturbing the lamination. Kerogen is 
seen in very cloudy and indefinite patches, occasional! y surrounding 
or moulded upon an inorganic fragment. 

A section of Fells Shale shows it to be coarser in grain, and 
containing vegetable fossils, one of which has what might be 
called a halo of kerogen, very indefinite in outline, and merging 
into the matrix, which also contains here and there very indefinite 
patches of the same material. 

A further stage is noticed in a section from the Jubilee seam at 
Pumpherston. In this the kerogen becomes very cloudy and 
indefinite, but it surrounds inorganic particles, and seems to have 
impregnated a large grain to some extent. This shale is “ curly,” 
a characteristic of many of the richer shales. Lamination in the 
slide is very indistinct. 

In South African Shale the kerogen content becomes still more 
indefinite, but woody and coaly fragments are frequent. The 
richest seam is impure torbanite. 

In Bulgarian oil-shale we find a further stage; the kerogen 
does not show as separate particles at all, but merely as a patchy 
and sporadic coloration, which sometimes forms branching and 
irregular veins across the lamination. 

Thus, accepting the statement that these yellow bodies are 
kerogen, and that the yield of oil is dependent cn them, we come 
to the following conclusions :— 

(1) That the yellow bodies are not vegetable fossils of any 
kind, neither alge nor spores. 

(2) That the kerogen has been developed in, or has been intro- 
duced into, the deposits since they were formed. 

(3) That in the case of torbanites or boghead coals, the kerogen 
seems to have developed in situ, to a great extent at least. 

(4) That in the case of ordinary oil-shales, the kerogen may 
largely have been introduced from some outside scurce. 


CuemicaL EvipENCE. 


We may now glance at some of the chemical evidence to 
ascertain what has been learnt about the chemical composition 
of the material. 

Approximately two per cent. of a good Scottish oil-shale is 
soluble in carbon disulphide, while benzine, ether and petrol 
have little or no solvent effect. Kerogen therefore, as is pointed 
out by Mr. D. R. Steuart, cannot be of the nature of petroleum, 
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Fic. 40. Jubilee Shale (Pumpherston), vertical section. 


. 


Fig. 41 Bulgarian Shale vertical section, slightly magnified. 
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bitumen or resin. Were it composed chiefly of spores, we should 
expect it to be resinous and largely soluble. 

Dr. Mills (‘* Destructive Distillation ’’) found in a specimen of 
good average Scottish shale 36-22 per cent. of volatile or com- 
bustible matter which analysed as :—Carbon 25-27: hydrogen 
3-67 : oxygen 5-65: nitrogen 1-14: sulphur 0-49. 

This is probably not entirely kerogen, as microscopic examina- 
tion has shown that vegetable fossils, preserved as coal, are 
present to some extent in mary oil-shales. 

Excluding nitrogen and sulphur, the percentage composition 
of the material analysed is :—Carbon 73-05: hydrogen 10-62: 
oxygen 16-33. 

This proves that the kerogen is a highly oxidized product. The 
proportion between carbon and hydrogen is 100 carbon to 14-5 
hydrogen. 

This compares with average bituminous coal, a cannel coal, 
torbanite, albertite, and other minerals as follows :— 


oF Hyprocen to 100 or Carson. 


MINERAL. Hyprocen. MINERAL. Hyprocen. 
Bituminous Coal (average) .. 6°58 Torbanite, Scottish (average) 14:1 
Grahamite (W. Virginia) .. 10-2 Kerogen from Scottish Oil-shale 14:5 


Cannel Coal .. 10:43  Non-bituminous organic mat- 
Albertite (New Brunswick) .. 11°02 ter from Trinidad asphalt 14-5 
Glance Pitch (Egypt).. 12°8 Albertite (Nova Scotia) 154 
Pure Bitumen (from Trinidad Torbanite (Joadja Creek, 

asphalt) .. ee 139 N.S.W.) .. ee 


These figures show that the carbon-hydrogen ratio of kerogen 
differs considerably from that of bituminous coal, but not so 
greatly from that of cannel coal. 

It is also evident that the kerogen of torbanite or oil-shale is 
more nearly related, so far as the carbon-hydrogen ratio is con- 
cerned, to minerals derived from petroleum, such as grahamite, 
albertite, glance pitch and bitumen from Trinidad asphalt, than 
to bituminous coal. 

The non-bituminous organic matter in Trinidad asphalt, the 
nature of which will be discussed later, has a carbon-hydrogen 
ratio identical with that found for the kerogen of Scottish oil-shale 
by Dr. Mills. 

These results are, perhaps, much what was to be expected, but 
they serve to suggest a relationship such as that indicated by 
Prof. Jeffreys in his conclusion that the yellow bodies in tor- 
banites and boghead coals are the mother of petroleum; a family 
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resemblance between the descendants ef petroleum (manjaks, 
asphalt, etc.) and the supposed mother must be admitted. 
Much additional chemical evidence could be advanced, and some 
of it will be dealt with in a subsequent section. 
It is necessary now to consider evidence from field geology to 
discover whether there are any conditions essential to or favourable 
to the formation of oil-shales. 


GEOLOGICAL EVIDENCE. 


Much can be learnt by a study of the conditions and environ- 
ments in which oil-shales exist in different countries. 

Beginning with the shale-fields of the Lothians, we find that 
an examination of the map and vertical section of strata, as 
published by H.M. Geological Survey, brings out several significant 
points. In a thick series of estuarine, littoral and deltaic rocks, 
with occasional marine bands, we find oil-shale characterising the 
lower horizons, and coal the upper, with a middle zone characterised 
by both. In other words, this is precisely the relation which we 
find between coal and oil in a thick series in which both the petro- 
liferous and carbonaceous phases are in evidence. 

Dealing with the map, we find that all the Carboniferous areas 
in Scotland are broadly synclinal, and that although the Calci- 
ferous Sandstone Series is well developed in many parts of Scotland, 
it is only in the Lothians, and in a small area in Fife, that oil-shales 
are recorded, and that in these areas, and these alone, have anti- 
clinal structures survived denudation. 

To go into greater detail, we find a well-marked anticlinal area 
in the Lothians, characterised by the presence of oil-shales. 

An early anticline, roughly parallel to the great Pentland anti- 
cline, ran through Dechmont, Pumpherston and _ Kirkliston. 
Subsequently the three secondary anticlines of Dechmont, 
Pumpherston and Kirkliston, with many minor folds between, 
were developed on a somewhat different orientation. Oil-shale 
is frequently worked successfully in some of the minor synclines, 
but it dies out as soon as we reach the confines of the main anti- 
clinal area. Thus west of the Dechmont flexure, as we approach 
the Carboniferous Limestone escarpment, oil-shales die out or 
become unworkable. On the pitching ends of the minor folds 
near the Firth of Forth, the same dying out of oil-shale is observed, 
while eastward from Kirkliston, Pumpherston and Mid-Calder, 
the same phenomenon is conspicuous. 

On minor anticlinal structures at Carlops, Straiton and Dalmahoy, 
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oil-shale appears again, and in Fife, on the pitching end of the 
great Pentland anticline, oil-shale has been worked. 

Furthermore, there are several well-authenticated instances 
of the yield of oil in a seam of shale decreasing steadily as it is 
worked farther and farther down the flank of an anticlinal flexure. 
In one ease at Broxburn, a yield of 31-8 gallons per ton is obtained 
near the outcrop, and the yield decreases steadily down the dip 
to 13-5 gallons per ton at a depth of something more than 1,000 
feet from the surface. This decrease in yield of oil with depth is 
most marked towards the margins of the main anticlinal area. 

Another point that is frequently noted is that the shales richest 
in oil are often poorest in ammonium sulphate. It is also observed 
that the older shales are, compared with the younger, richer in 
ammonium sulphate, and poorer in yield of oil. 

Perhaps, however, the most interesting and significant pheno- 
menon in connection with the Scottish oil-shales is that a shale 
when traced far, especially when traced beyond the confines of an 
anticlinal area, passes into ordinary carbonaceous shale or “ blaes ”’ ; 
it still retains the carbonised remains of vegetable matter which is 
frequently detected in oil-shales, but it loses the kerogen. 

Somewhat similarly a bed of shale may pass almost insensibly 
upwards or downwards into barren blaes. 

Oil-shales are always associated with argillaceous deposits, and 
are almost invariably overlain by impervious shaly strata or 
closegrained ironstone bands, but porous sandstones are frequently 
found beneath them, sometimes in actual contact, but more often 
at a short distance. Many of these sandstone beds are of great 
thickness, and are free-stones, that is free from closegrained 
cementing material, such as carbonate of lime. They contain 
the casts of vegetable fossils, such as tree-trunks, but little or 
no carbonaceous matter. 

One other characteristic of the Lothians shale-fields must be 
mentioned, and that is the occurrence of true crude petroleum. 
Natural gas, albertite, ozokerite and elaterite are not uncommon 
in the neighbourhood of igneous intrusions, the heat of which 
has distilled petroleum from the shales. A distilled oil is some- 
times found in cavities in an igneous intrusion, or impregnating 
the strata round it. But these are only local effects, about which 
there can be no mistake, since the analysis of the oil shows it to 
be precisely similar to shale-oil from the retorts. But there are 
instances of the occurrence of petroleum which cannot be explained 
by natural distillation. 

The best known case is that of the Sandhole pit in the Broxburn 


CRAIG: KEROGEN AND KEROGEN-SHALES. 251 


district. Here, in a well-sealed anticline, a seepage or flow of 
crude petroleum, accompanied by brine, was encountered in the 
workings beneath the Dunnet Shale. 

This petroleum was collected for about a year, some 200 barrels 
being obtained. Its green fluorescence, its association with brine, 
and its analysis distinguish it at once from shale-oil from the retorts, 
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or from the naturally distilled oil which may be collected in or 
mear an igneous intrusion in the shale-fields. 

The following table shows a comparison between shale-oil from 
the retorts, naturally distilled oil from the Dunnet mine, and the 
Sandhole pit petroleum. An analysis of a heavy asphaltic 
petroleum from Trinidad is added for comparison :— 
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A B C D 
Specific gravity ..  *868 866 -830 950 
Naphtha és ve 3-5 4:5 10-2 12-8 
Illuminating oil es -. 820 36-1 34-1 36-0 


Lubricating oil a “a 28-0 25-6 27-2 32-0 
Solid residues 11-0 8-8 12-5 12-3 
Loss in refining 255 25-0 16-0 5-7 


100-0 1000 100-0 100-0 


A—Crude shale-oil, Broxburn. 

B—Naturally distilled oil from sill of igneous rock, Dunnet Mine, 
Broxburn. 

C—Crude petroleum from Sandhole pit, Broxburn. 

D—Heavy inspissated oil from shallow boring near Asphalt Lake, 
Trinidad. 

The significance of this occurrence does not seem to have been 
recognised fully in Scotland, but it will be apparent to all who 
have oilfield experience. Stated briefly it may be expressed thus : 
the petroliferous stage has been reached in these Lower Carbo- 
niferous strata in Scotland, and actually survives to this day in at 
least one locality. 

Of torbanite or Torbanehill mineral a special description is 
necessary. It does not occur in the Oil-Shale Group, but at a 
much higher horizon, just above the sandstone group correlated 
with the Millstone Grit. It contains 21% of ash or inorganic 
matter, as contrasted with the 65 %-70 % of ordinary Scottish 
oil-shales. 

The specific gravity of the deposit varies from 1-17 to 1-31, and 
laming and strings of coal are easily distinguishable in specimens. 

A typical section through the seam shows— 


Shale .. xs 4 inches. 
Fine ironstone 4-2 ,, 
Inferior coal .. we 
Foul coal (i.e. coal and shale) an 2-4 ,, 


This proves a very close association with coal, and indicates 
that it is a different type of deposit from the true oil-shales, though 
resembling them by containing kerogen. 
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The yield of oil from torbanite runs as high as 130 gallons per 
ton, but the yield of ammonium sulphate is low, being in the 
neighbourhood of 10 Ibs. per ton. 

The seam on being traced passes laterally into coal or black 
carbonaceous shale. 

In the South African oil-shale fields we find very different 
conditions to those with which we are familiar in Scotland. The 
shale-seams occur in the coal measures towards the top of the 
great Karroo System, of Permian to Jurassic age. 

The strata are almost absolutely horizontal over a very large 
area in the eastern Transvaal and Natal, where shale-seams have 
been detected. The series is chiefly arenaceous, and numerous 
coal-seams have both a floor and roof of sandstone. 

The oil-shale seams are associated with shale beds as a rule, 
but in some instances lie above, and in contact with, thin coal-seams, 

The shales differ somewhat from normal Scottish oil-shales, 
being very distinctly carbonaceous, and often more of the type 
of cannel coal. Only one seam according to the writer’s observa- 
tion is curly, and it has yielded from 60 to 85 gallons of oil per ton. 

The seams do not show the rapid variations so common in the 
Scottish shale-fields, but extend over wide areas without much 
alteration. 

In New South Wales the oil-shales are also frequently associated 
with coal. The strata belong to the Permo-Carboniferous Forma- 
tion, which consists of a lower marine group, the oil-shale group 
containing also coal-seams, and an upper coalbearing group without 
oil-shales. 

The geological structure is almost horizontal, but gentle 
undulations, with gradients of not more than 80 or 90 ft. per mile, 
are noticeable, and on the crests and flanks of these gentle un- 
dulations most of the richest shale-fields are found. 

The shale-seams are frequently closely associated with coal, 
and a section such as the following is typical. (Carne, 1903.) 


Cannel coal .. 4 inches. 
“ Kerosene shale” .. 
Cannel coal .. « 
Kerosene shale’ .. 53 


2 ft. 84 inches. 


The shale-seams pass laterally into coals and earthy carbo- 
naceous shales. 
The richest shale is a torbanite with less than ten per cent. of 
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inorganic matter, and a notable development of kerogen globules, 
which occasionally anastomose, and form the greater bulk of the 
deposit. 

The yield of oil in the richest seams has run as high 160 gallons 
per ton, but the yield of ammonium sulphate in such cases is small, 
little more than 10 Ibs. per ton. 

Thus it is seen that the New South Wales field shows resem- 
blances to both the Scottish and the South African fields, although 
differing from both in many essentials. 

Anticlinal structures are not lacking, though very gentle ; 
torbanite occurs, and association with coal-seams is well marked. 


EviIpENCE FROM OILFIELDS. 


It is now necessary to turn to oilfields to ascertain whether any 
of the occurrences and conditions typical of petroliferous areas 
throw any light upon the origin of kerogen and kerogen-shales. 

It is hardly necessary to describe oilfield phenomena in a meeting 
of this Institution, but one or two points seem deserving of special 
attention in this connection. 

The first is the occurrence of intrusive bitumens or manjaks. 

These minerals differ greatly in character, but all have some 
properties in common: they are classified according to their 
percentages of fixed carbon, and their behaviour under the action 
of certain solvents. The following table gives the characteristics 
of a number of these minerals :-— 

Bitumen, Malthenes, 


CS,. petrol. 
Gilsonite .. -. 104 93-4t0 99-5 85to72 3-3 to 26-2 
Barbados manjak .. 1:08 97-4t0 99-2 15 to 36 25 
Egyptian glance pitch 1-09 99-7 23-5 15 


Trinidad manjak ..1-09to ll 84to 96-2 63t056 24to 38 
Grahamite .. .. 116 94110982 -4t033 41 to 58 
Wurtzilite .. -» 105 67to128 — 5-2 to 8-8 
Albertite .. ..L07 to 1-2 1-6 to 11-9 Trace to 3°2 29-8 to 54-2 


It is seen that some, such as Barbados manjak, are almost pure 
bitumen, while others, such as albertite may have less than two 
per cent. of that material. 

These minerals are truly intrusive, and simulate nearly all the 
phenomena of igneous intrusion. 

In a typical Barbados manjak field, we find the oilbearing 
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Scotland series thrown into a somewhat complicated anticlinal 
structure, and overlain unconformably by Oceanic Beds and 
Coral Limestone in turn. 

The upper horizons in the Scotland series are chiefly argillaceous 
with a few thin sandstone beds; the lower strata are oilbearing 
sandstones. Manjak veins, vertical or very highly inclined, have 
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Diagrammatic Section through the San Fernando Manjak-Field, Trinidad. 
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been mined from the surface till they are found to break up into 
a number of small veins and strings among the clays, and these 
strings lead to a sandstone impregnated with sticky petroleum. 
Every porous bed among the clays is more or less impregnated 
with heavy inspissated oil, and on bedding- and joint-planes 
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in the clay, films of petroleum, or spots of dried-up oil, may be 
detected. 

The malthene percentage in the manjak increases with depth, 
and is greater in the centre of a vein than at the margin. 

In the principal manjak field in Trinidad, the geological structure 
is somewhat different, but the essential conditions are the same. 
A thickness of some 800 feet of solid clays overlies oilbearing 
sandstones, and intrusive veins of manjak are mined in the clay. 
The largest vein reaches a thickness of over 30 ft. and consists of 
a central portion, with conchoidal fracture and bright lustre, 
surrounded by a duller manjak with beautiful columnar jointing. 
The clays are almost entirely impervious, but films of inspissated 
oil can be seen on joint- and bedding-planes, and any band or 
nodule even slightly more porous shows distinct signs of impregna- 
tion with oil. 

In New Brunswick similar phenomena, but in a different stage, 
are well seen at the Albert Mine, Albert County, whence the 
mineral albertite takes its name. 

In this neighbourhood the Devonian strata lie upon an irregular 
surface of Precambrian rocks. There has been much drilling for 
gas, with very successful results, and some drilling for oil, but 
with no real success, in these Devonian strata. 

At the Albert Mine a somewhat irregular anticline of argillaceous 
strata appears from beneath an unconformable capping of an 
arenaceous series. Parallel with the axis of the flexure, and close 
to it, a vein of albertite has been worked to a depth of 1,300 ft., 
and for a distance of 2,800 ft. along the strike. Exploratory 
workings have penetrated 200 ft. deeper, and have found the 
albertite breaking up into thin stringers, which finally finish in a 
bituminous sandstone containing traces of heavy inspissated oil. 
The conditions and structure, in fact, are very similar to those 
of the Barbados field described above, but whereas in the Tertiary 
field we find a manjak containing more than 90 per cent. of bitumen, 
and the surrounding rock impregnated with inspissated petroleum, 
in the case of the Devonian field we have an albertite containing 
from 1-6 to 11 per cent. of bitumen, and the surrounding shales 
are practically all oil-shales, containing kerogen and not petroleum. 
The whole mass of shale is impregnated, though some bands 
being originally more sandy and porous are richer in kerogen than 
others. The percentage of the shale soluble in petroleum spirit 
is only 2-3, but the yield of oil when retorted runs from 27 to 48 
gallons per ton, and the average yield of ammonium sulphate is 
59-4 lbs. per ton. 
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The suggestion that a manjak or bitumen has been modified 
to form an albertite, and at the same time a petroleum impregnation 
has been similarly modified to form kerogen, is too clear to be dis- 
regarded. 

This leads naturally to the next point to be considered, the 
nature of the inspissation of petroleum. This is probably a 
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somewhat complicated process, and it can perhaps only be dealt 
with completely by a chemist. It involves a certain amount of 
oxidation, and probably the formation of unsaturated hydro- 
carbons, or of higher hydrocarbons from the lighter and simpler 
molecules. But for all practical purposes we may regard it as 
the gradual loss of the lighter and more volatile hydrocarbons, 
so that the more highly an oil is inspissated, the richer it becomes 
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in the heavier, more complex, and less volatile products. This 
action takes place in all oils, asphalts and manjaks with time and 
exposure, with the result that malthene percentages tend to 
decrease, and compounds insoluble in carbon disulphide tend to 
increase. 

Intimately connected with the phenomena of inspissation are 
the phenomena of filtration of petroleum. Filtration effects are 
perhaps too well known to require description, but that they are 
of great importance in affecting the composition of oils is not 
always recognised. When petroleum has migrated through a 
thick series of strata, and especially of argillaceous beds, the oil 
is found to be lower in specific gravity, and richer in the more 
volatile constituents, than the normal oil of the district. 

When a series has long been exposed to weathering and the 
porous beds completely deprived of any impregnation they may 
have contained formerly, oil may still be found exuding slowly 
from the less pervious beds, and even from highly impervious 
clays and shales. The oil in such cases, in spite of weathering, 
is usually comparatively poor in heavy inspissated products. 
This might be explained by the theory that the heavier and more 
complicated molecules are more sluggish in migration through 
capillary interstices than the lighter and simpler molecules. A 
difference in surface-tension might be quite sufficient.to account 
for this. But experimental work on the phenomena of filtra- 
tion brings out another interesting phenomenon. Mr. Clifford 
Richardson, in making experiments with the pure bitumen from 
Trinidad asphalt found that solutions of this inspissated material 
could be rendered colourless, or at least largely decolorised, by 
continued filtration through argillaceous material. Treating 
the filtering media afterwards by trituration and the action of 
solvents, it was found that the greater part of the bitumen could 
be recovered, but not all. There remained a proportion fixed 
in the argillaceous matter, and nothing short of distillation could 
remove it. To this property of clay Mr. Clifford Richardson gave 
the name adsorption to distinguish it from simple absorption. 
This property of adsorption is most noticeable when the oil or 
solution of bitumen contains a large proportion of heavy inspissated 
products or unsaturated hydrocarbons. Whether chemical action 
takes place between bases in the clay and the unsaturated hydro- 
carbons may be left to chemists to decide: the point to be noted 
is that after such a filtration we find that a proportion of the 
heavier products is rendered insoluble in carbon disulphide, and 
thus no longer to be classed as bitumen; but it yields mixtures 
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of hydrocarbons on distillation. In fact this portion fulfils the 
definition of kerogen. 

Analyses of oil-rocks, asphalts and manjaks all show a percentage 
of this insoluble matter, which has usually been called “ non- 
bituminous organic matter”; the quantity depends on two 
factors, the degree of inspissation and the quantity of argillaceous 
inorganic matter present. That both these factors are of import- 
ance independently of each other is shown by the following analyses, 
most of which are by Prof. P. Carmody, the Government Analyst 
of Trinidad. 

Thus Trinidad Lake asphalt, an emulsion of very constant 
composition, consists of :—Water 29: bitumen 39: organic matter 
not bitumen 7: 

The inorganic content has the following composition according 
to Mr. Clifford Richardson. It is evident that argillaceous matter 
is present in fair quantity, and we may conclude that part at least 
of the 7 per cent. of non-bituminous organic matter is “ adsorbed ” 
in the clay. 


inorganic matter 25. 


The finest mineral 
Total Mineral matter, separated 
Matter. from the sand as far 
as possible. 
.. 70-64 32-36 
Al,O,; .. 17-04 40-38 
Fe,O, .. ee 7-62 13-14 
CH .. -70 8-65 
-90 1-88 
Na,O .. 1:56 — 
K,0 35 53 
SO, oe 97 1-18 
Cl ee 22 7-16 
100-00 100-23 


But comparing this with a very pure asphalt formed by the 
inspissation of an oil seepage near Guapo, Trinidad, we find that 
the percentage of inorganic matter is so low that adsorption cannot 
account for the percentage of non-bituminous organic matter. 
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Its presence then must be due chiefly to inspissation. The Guapo 
asphalt contains :-— 
Water and matter volatile at 100° (. .. .. 18-50 


Bitumen .. .. 80-40 
Non-bituminous organic matter as “86 

100-00 


To compare the states of inspissation of these two asphalts we 
may take the malthene percentages in the bitumen, 63-1 in the 
case of the lake asphalt, and 88 in the case of the Guapo deposit, 
proving that the former has been more completely weathered. 

Analyses of specimens of three oilsands, taken from outcrop 
in the Guayaguayare field, Trinidad, give further evidence regarding 
the non-bituminous organic matter. 


Water ma 1-320 3-28 4-56 
Bitumen .. 140 9-6 17-3 

Non-bituminous organic matter.. 3-44 5°68 10-02 
Silica we 76-47 73°74 58-37 
Fe,O, and AJ,O, .. .. 88 6-8 7-89 
CaO 12 “06 15 
MgO ne 42 1-04 
K,0 and Na,O 25 45 
Sulphuric anhydride ¥e 09 09 08 
Phosphoric anhydride... traces “12 


100-00 100-00 100-00 


Two of the rocks are obviously highly siliceous, but the third 
is to some extent argillaceous, and it has been able to retain under 
weathering, not only the highest percentage of bitumen, but the 
large percentage of 10-02 of non-bituminous organic matter. On 
the other hand a coarse and almost purely siliceous oilsand from 
Guapo gives the following analysis :—Water 2-60: bitumen 17-50 = 
non-bituminous organic matter -46: mineral matter 79-44. 

Little adsorption could take place in this case, and the non- 
bituminous organic matter may be due to inspissation alone. 

The upper beds of the La Brea oilsand, upon the outcrop of 
which the asphalt lake is formed, are exposed on the seashore to 
westward of the lake, and a specimen taken from a tidewashed 
outcrop gives the following analysis :—Water, etc., volatile at 
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100° C. 5-24: bitumen 15-10: non-bituminous organic matter 
29-70: mineral matter 49-96. 

Of the bitumen only a little more than half was soluble in 
petroleum ether, i.e. could be classified as malthene. In this 
case both adsorption and inspissation have taken effect. 

For effects due purely to inspissation, where no adsorption is 
possible, we may turn to manjaks. 

Two specimens taken from a depth of sixty feet in the College 
Mine, Barbados, give interesting evidence. They were taken from 
the same vein within six inches of each other, but one is from 
the columnar-jointed selvage of the vein, and the other from the 
lustrous conchoidal variety of the central part of the vein :— 


Water and volatile matter at 100° C. - 140 2-16 
Bitumen .. 96-0 97-40 
Organic matter not bitumen nil. 


100-00 100-00 


That inspissation has proceeded much further in the columnar 
selvage is proved by the malthene percentages, 18-20 in the 
marginal specimey and 35-60 in the central. A highly inspissated 
mineral such as albertite contains often more than 90 per cent. 
of non-bituminous organic matter. 

This evidence from oilfields proves conclusively that substances 
indistinguishable from kerogen are formed by the inspissation of 
petroleum, and by the adsorption of inspissated petroleum by 
argillaceous material. 


AMMONIUM SULPHATE. 


It has frequently been suggested that the kerogen of oil-shales 
is distinguished from petroleum and petroleum products by its 
nitrogen content, which by forming ammonium compounds on 
distillation can be recovered as ammonium sulphate. A _ little 
investigation shows this distinction to be illusory. 

All crude petroleum contains a certain proportion of nitrogen, 
though in some cases it is very small. Sir Boverton Redwood 
(* Petroleum and its Products ’’) gives the percentage in oils from 
many different countries, and shows how greatly the percentages 
vary in different oils. 
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Thus Pennsylvanian ail contains -008 per cent., Galician -188, 
and Ohio -230, while in heavy oils from California the percentages 
rise as high as 1-1. It is noticeable that the nitrogen percentage 
is highest in the heaviest and most inspissated oils. If this be 
the case, a concentration of the nitrogen compounds is to be 
expected during the process of inspissation. Mr. Clifford 
Richardson’s analyses of Trinidad asphalt affords demonstrative 
proof of such a concentration : Percentages of nitrogen in organic 
matter in Trinidad asphalt—saturated hydrocarbons in maltlienes 
07 : total malthenes -6: total bitumen -81: unsaturated hydro- 
carbons in malthenes -92: asphaltenes 1-2: non-bituminous 
organic matter 2-05. 

It is to be observed that the kerogen, the “ non-bituminous 
organic matter,” contains by far the largest percentage of nitrogen. 

Similarly in the manjaks we find in Egyptian glance-pitch a 
percentage of -19, in gilsonite -79, and in albertite 1-75, the most 
inspissated mineral containing the highest percentage. 

The organic content of good average Scottish shale, which 
includes both the kerogen and any vegetable matter preserved as 
coal, is given by Dr. Mills as 1-14. 

The nitrogen percentage in torbanite, which as we have seen 
contains much coaly matter, has been estimated variously as 
-55 to 1-5, while in Joadja Creek torbanite the nitrogen has been 
estimated at -28 per cent. (W. A. Dixon). 

It is obvious, therefore, that products formed by the 
inspissation of petroleum contain sufficient nitrogen to yield in 
the retorts as much ammonium sulphate as the richest Scottish 
oil-shales. 

So we find that albertite yields 65 lbs. of ammonium sulphate 
per ton, and the Albert shales anything up to 77 Ibs. per ton; 
the average yield from Scottish oil-shale is approximately 42 Ibs. 

Thus so far from proving a difficulty, the question of the yield 
of ammonium sulphate furnishes strong confirmatory evidence 
of the inspissation which we have seen to be necessary in the 
formation of kerogen. 

The concentration of sulphur-compounds takes place in much 
the same manner during inspissation, but as sulphur-percentages 
vary. enormously in different oils, it is much more difficult to 
obtain evidence of the state of inspissation of any petroleum 
product by determining its sulphur content. 

As to the constitution of the nitrogen compounds, it seems to 
be accepted that they occur as pyridine bases. 
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PROPERTIES OF CLAYS AND SHALES. 


It has been shown that argillaceous strata have the property 
of absorbing and adsorbing the more inspissated constituents of 
petroleum ; it is necessary now to enquire whether any particular 
composition in the argillaceous material is specially favourable 
to this fixing of hydrocarbons. If an oil-shale can be formed 
by the taking up of inspissated petroleum, how is it that one or 
more bands in an argillaceous group become oil-shales, while 
surrounding beds remain unimpregnated or only slightly affected ? 

On this subject much research work remains to be done, but 
there is evidence available which at least indicates the direction 
in which a solution may be sought. 

Clays and shales vary very greatly in composition, but there 
are certain types which are generally recognised, such as fire-clay, 
brick-clay, pottery-clay, etc. The most absorbent variety known 
is fuller’s earth. 

The term fuller’s earth does not connote a definite composition, 
but all fuller’s earths, from whatever environment, have some 
points in common. They have low specifie gravities, and are 
capable of taking up a large quantity of hygroscopic water. Placed 
in water, they crumble down to a powder, and do not become 
plastic. All have a great absorbent capacity for oils and grease, 
and hence their use in “ fulling” cloth, ie. in removing grease 
or oil from it. 

Fuller’s earth seems to be formed of detritus far from its original 
source, detritus that has either been more than once a constituent 
of a clastic rock, or that has been washed about under estuarine, 
fluviatile, lacustrine and deltaic conditions till the sediment 
becomes well differentiated and arranged into beds differing 
considerably in composition. It is at least under such conditions 
in thick series of deltaic strata that we find beds of fuller’s earth. 
Vegetable fossils of small size are often present, or rather com- 
minuted vegetable matter. Fresh and undecomposed clastic 

‘grains of mica, felspar and other silicates are rare. 

In chemical composition there is considerable variety within 
fairly well-defined limits; silica is normal for a clay, alumina 
varies, but is always fairly well represented, iron also varies, but 
is not rich in any fuller’s earth used commercially, lime and magnesia 
are poor, particularly the former, and alkalis are fairly rich. Water 
may be as high as 24 per cent. of the weight of the rock. 

The absorptive capacity of a clay according to H. E. Ashley 
(American Ceramic Society, vol. xii, 1910) seems to depend more 
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upon the colloid content than upon the actual composition ; yet 
chemical composition cannot be disregarded, since it is found 
that addition of lime to a clay destroys to a great extent the colloids, 
and decreases the absorptive property. 

In the table opposite, clays of various kinds, fire-clay, brick-clay, 
fuller’s earth, etc., are compared as to chemical composition with 
spent oil-shales and spent torbanite. In the retorting, the com- 
position of the shales and torbanite have doubtless been somewhat 
modified, notably by a loss of alkalis, so that a detailed comparison 
is hardly possible. But one or two points emerge very clearly. 
The inorganic matter of the oil-shales resembles that of fuller’s 
earth more nearly than that of brick-clays or fire-clays, both in 
specific gravity and chemical composition. Silica percentage is 
much the same, alumina is higher in the oil-shale, iron varies, but 
poverty in lime and magnesia is characteristic of both. Alkalis, 
as explained above, cannot be compared, but the quantity of 
soluble salts in one analysis of spent shale suggests that the 
alkaline content must have been considerable. 

It is not suggested from these facts that oil-shales were fuller’s 
earth before being impregnated with kerogen, but merely that 
the composition of the inorganic matter presents many striking 
resemblances to that of the most absorbent variety of argillaceous 
deposit known. The conclusion is at least indicated that a 
difference in absorptive capacity may be the deciding factor as 
to whether a shale can become sufliciently rich in kerogen to be 
mined and retorted as an oil-shale or not. 

The adsorptive property is not considered here, as we are as 
yet without direct evidence as to its exact meaning, whether a 
chemical union between bases and unsaturated hydrocarbons or 
some other reaction. But it may be mentioned that in California 
the unsaturated hydrocarbons in a crude oil have been entirely 
removed by filtration through fuller’s earth. 

CONCLUSION. 

Reviewing the evidence, microscopic, chemical and geological 
that is set forth briefly above, it is seen that there is a fairly 
complete case for attributing a petroleum origin to kerogen. 

It is now possible to give a short account of the geological 
history of wellknown oil-shale fields. 

In the Lothians, towards the close of the Carboniferous period 
it is evident that the petroliferous stage was reached in the lower 
groups of that great formation. Extensive earth-movement 
began, throwing the strata into great anticlines and basins, and 
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denudation of the former probably commenced at once. The 
petroleum would naturally be concentrated in the anticlinal 
areas, such as the Pentland anticline, and a parallel but minor 
flexure passing through Dechmont, Pumpherston and Kirkliston. 
A somewhat later movement developed the minor flexures on a 
N.N.E. and §.8.W. orientation which have been described above. 
In these flexures then, great quantities of petroleum must have 
been stored, probably in the massive freestone beds which are so 
characteristic of the Calciferous Sandstone series. 

But denudation was in progress all the time, and the Carbo- 
niferous strata on major anticlines were soon removed, while the 
Coal Measures, except in the deeper basins, also vanished. As 
the load of superincumbent strata grew less, earth movement 
gave rise to a series of faults, which are now conspicuous. 

Weathering and inspissation of the petroleum soon affected 
the petroliferous rocks, water invaded the great freestone groups, 
displacing and removing all traces of petroleum. But towards 
the crests of the minor anticlines, and in the heart of the anticlinal 
area, the inspissating petroleum made its last stand, and there was 
gradually absorbed and adsorbed by such argillaceous beds as 
had a sufficient colloid content. The process must have been 
gradual, the porous strata maintaining the supply of inspissated 
petroleum, as long as the overlying argillaceous beds could 
accommodate it, since no clay can contain sufficient crude light oil 
to form its full content of kerogen when inspissated. 

This accounts for the gradual decrease in yield of oil down the 
flanks of anticlinal flexures. 

The shale beds where they extend beyond anticlinal areas 
retain their carbonaceous contents, but lose their kerogen. 

Finally, long after weathering has removed from the porous 
freestones all trace of petroleum, we find even yet here and there, 
as in the Sandhole pit, a little inspissated oil, accompanied by 
brine, in well-sealed anticlinal flexures. But only on anticlinal 
structures do we find workable oil-shales. On the pitching end 
of the great Pentland anticline, we still find oil-shales at Burntisland, 
and even on the minute folds of Dalmahoy, Straiton and Carlops, 
oil-shale exists. 

It is possible that vegetable matter in the shales may have been 
converted into oil, inspissated and absorbed in situ, but the 
microscopic evidence is against this having occurred to any 
appreciable extent. 

The torbanite of Linlithgowshire has a different origin. It 
was an impure vegetable deposit associated with beds more purely 
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vegetable in character, which were transformed to coal. In such 
cases it is always the purest vegetable deposits that reach the coal 
stage first. 

In the torbanite seam, probably under the effect of increasing 
pressure, the oil-bearing stage was partially reached, and the 
globules of kerogen represent the inspissated residues of the 
petroleum that was formed. The composition of the inorganic 
matter of the deposit probably enabled adsorption to take place 
almost simultaneously with inspissation. Thus we have these 
globules of kerogen in a coaly matrix, showing by their mottled 
aspect and obscure radial structure the effects of continued 
inspissation. The fact that they developed in situ, as is evident 
from the microscopic evidence, accounts for the small yield of 
ammonium sulphate. Had the kerogen been introduced after 
long-continued inspissation and consequent concentration of 
nitrogen compounds, the torbanite would give as prolific yields 
of ammonium sulphate in the retorts as it does of oil. It is 
possible that some of the kerogen has been introduced as inspissated 
petroleum, but it cannot have been a large percentage. 

In South Africa the history of the shale-fields is very simple, 
the oilbearing stage can only just have been reached, and owing 
to the lack of flexures no great concentration can have taken place. 
Consequently we find the type of oil-shale more pronouncedly 
carbonaceous, and approximating to that of cannel coal. The 
coal-seams were doubtless carbonised first, and only in the later 
stages did such petroleum as was formed become associated with 
the less porous shale groups in which we now find beds of oil- 
shale. 

In New South Wales we find a stage intermediate between the 
Lothians and South Africa. The richest seams are torbanite, 
but there are undulations in the strata sufficient to have caused 
a certain amount of concentration of petroleum to where it could 
be fixed by absorption and adsorption in shale beds of suitable 
composition. The oilbearing phase was probably never prevalent 
throughout a great thickness of strata, and it has been subsequent 
to the coal-forming stage. Microscopic examination of sections 
confirms this. 

In neither South Africa nor New South Wales was what could 
be described as a workable oilfield existent, whereas in Scotland 
and New Brunswick the relics of oilfields are still distinctly 
traceable. 

The conclusion, however, is inevitable, that oil-shale fields and 
oilfields are intimately connected, and not the two entirely 
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dissimilar phenomena they have often been considered, and that 
kerogen is not the mother but the daughter of petroleum. 


PractTicaAL APPLICATION. 


Finally, there are one or two practical points to which allusion 
must be made. 

At a time like the present, when there seems to be some hope 
of an attempt being made to develop the resources of the Empire 
to such an extent that it may become self-supporting, a process 
of stocktaking is advisable. 

The Empire requires vast quantities of petroleum, and _ its 
resources in oilfields are fairly well known, if not so actively 
exploited as they might be. Oil-shale resources have perhaps 
been somewhat neglected, except in the Lothians and in New 
South Wales. 

Apart from these fields we know of good oil-shales in New 
Brunswick, Nova Seotia, Quebec, Tasmania, The Transvaal, and 
Natal, none of which are worked extensively, while petroleum 
or bituminous shales among the Jurassic strata of both Scotland 
and England are fairly well known, and have received attention 
recently in this Institution. 

What has been learnt about the nature and origin of kerogen 
should be of use in the development of the known shale-fields, 
and in the discovery of new sources. It is evident that in 
searching for new shale-fields we must proceed even as in the 
search for crude petroleum; geological structure must not be 
disregarded, and anticlinal areas must be followed. This may 
greatly simplify prospecting, and obviate much expensive boring. 

Even in the Lothians a study of the geological map will show 
that several possible shale-fields remain yet unexplored in spite 
of all the boring that has been undertaken. 

Igneous intrusions have to be reckoned with in many localities, 
but the zones and localities where these occur are fairly well known, 
and it is not difficult to select areas where all the conditions seem 
favourable to the existence of oil-shale, areas which are as yet 
virgin ground. 

It is not impossible also that in one or more of the well-sealed 
dome structures, natural gas or crude petroleum might yet be 
found in sufficient quantity to repay development work. 

Fairly deep drilling and deep mining may certainly be necessary 
to discover such new sources of oil, but as the shale-fields become 
exhausted, deeper working must in any case be attempted. 

In this connection the Newyearfield boring made towards the 
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southern end of a dome-structure on the Dechmont anticline 
may be mentioned. The boring was undertaken to prove the 
Pumpherston shale-seams, but as this horizon was passed without 
finding workable oil-shale, the bore was continued to discover 
whether an igneous intrusion had destroyed the commercial value 
of the seams. No igneous rock was met with for a depth of forty 
fathoms below the Pumpherston horizon, and the boring was 
discontinued. Yet for a distance of 282 ft., from the horizon 
of the Jubilee seam to the bottom of the bore, all the strata, which 
were found to be almost entirely blaes with occasional thin ribs 
of brown sandstone and cement stone, “ reeked of petroleum ” 
when broken or seraped with a knife. (Geol. Surv. Memoir: 
Oil-shale Fields of the Lothians. 1906.) 

The bore was not situated on the crest of the dome or near it, 
and no record is given as to the nature of the petroleum, but had 
boring been continued to the horizon of the Hailes Sandstone, 
some 500 ft. deeper, it is possible that an even more interesting 
result might have been obtained. 

The supply of ammonium sulphate is another important subject 
upon which some information has been obtained. 

Vast masses of highly inspissated oilsands are known to exist 
in the Empire, the greatest being the tar-sands of Athabasca, 
though both Trinidad and Barbados contain very large areas of 
similar material easily worked from outcrop. The distillation 
of oil from such deposits has often been suggested, but the cost 
of such extraction is so great in comparison with the cost of drilling 
for petroleum, that the commercial exploitation of such dried-up 
oil-rocks has not been attempted on a large scale. 

But if a valuable by-product in the form of ammonium sulphate 
could be obtained in sufficient quantity from such deposits, a 
commercial success would be in sight. It has been shown that 
nitrogen compounds become concentrated in proportion to the 
state of inspissation, and we have prima facie evidence that the 
nitrogen contents of such strata as the Athabasca tar-sands and 
the La Brea Oilsand of Trinidad cannot be altogether negligible. 

It was the production of ammonium sulphate that saved the 
Scottish shale-oil companies from extinction through competition 
with imported American oil: similarly a yield of this valuable 
salt may enable these great deposits of inspissated oilsand to be 
quarried or mined and retorted at a profit. 


Notg.—Of the illustrative figures, nos. 42 to 45 are reproduced by permission 
of the Royal Society of Edinburgh. 
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DISCUSSION. 


Sir Boverton Redwood, Bart., said the induction of the new 
President happily synchronised with the reading of a most 
thoughtful, original, and, he believed, valuable paper. He was 
glad the author had resuscitated the old term of “ kerogen,” and 
he hoped it would be employed in the future in order that a 
distinction might clearly be made between oil-shale containing 
that which could be removed in large quantities by means of a 
solvent in the shape of hydrocarbons, and that which needed to 
be subjected to the process of destructive distillation in order to 
give the usual commercial products. 

He had no fault to find with the chemistry of the inspissation 
of petroleum as described by the author, and he ventured to think 
all would agree that a very strong case had been made out in 
support of the contention that kerogen was the offspring of 
petroleum. If that view were accepted, it obviously gave special 
value to the paper. It indicated that in future it would be 
necessary, as the author had pointed out, to search for further 
deposits of shale on the same principles as those which guided 
petroleum technologists in looking for deposits of petroleum. It 
further indicated there was some ground for hope that free 
petroleum might yet be discovered in this country in such quantity 
as to render it a coymercially profitable operation to extract it. 
It was probably well known that the shale area of Norfolk contained 
in parts very large quantities of free oil, and he was hopeful that, 
after the recess, a paper on that subject. and on the possibilities 
of finding petroleum in quantity, would be read at the Institution 
by Dr. W. Forbes-Leslie, who had devoted very special study to the 
question. 

He desired to point out that the peculiar affinity of clay for 
petroleum had been observed for a great many years. It was 
alluded to many years ago in various publications in the United 
States by Dr. Orton; and the English petroleum geologist, the 
late Mr. Topley, remarked in 1891 upon the affinity of some clays 
for petroleum. At a still earlier date it was pointed out that 
oil-bearing shale might be produced through the absorption by 
clay of petroleum rising through water from submarine or under- 
ground springs. Again, it was common knowledge that Dr. 
David T. Day, one of their honorary members, began, as far back 
as 1897, to investigate the effect upon mixtures of petroleum 
hydrocarbons of filtering them through certain kinds of clay, 
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and that Dr. Day dealt with the matter at considerable length 
in a paper he contributed to the Proceedings of the First Inter- 
national Petroleum Congress at Paris in 1900. It must not be 
assumed that if the sources of oil obtainable from tar sands and 
shales by distillation, in the manner suggested by the author, 
were developed, the British Empire would necessarily occupy 
a commanding position in the oil markets of the world in the 
future. It was recognised that the petroleum deposits of America, 
which contributed at the present time so very large a proportion 
of the total quantity of petroleum obtained, were not inexhaustible, 
but it must be borne in mind that there were in the United States 
vast deposits of vil-shale, to which attention was already being 
directed, and there was no doubt that, as the petroleum fields 
of the United States became depleted, a progressive development 
would be seen of the large areas of oil-shale available for working 
in that country. While looking recently through some proofs 
of the Journal of the Society of Chemical Industry, he came across 
the following extract from a United States Commercial Report 
dated March 13th, 1916: ** The United States Geological Survey 
estimates that in Colorado there is sufficient shale in beds 8 ft. 
or more thick to yield 20,000,000,000 barrels of crude oil.” Our 
aim, however, should be to render the British Empire independent, 
as far as possible, of foreign sources of supply. 

Mr. D. A. Sutherland said that although the hour was late, 
and a very short time remained for the discussion, he would not 
like it to go forth that all present agreed with the conclusions which 
the author had put forward in his interesting and elaborate paper. 
He had not had the chance of studying the paper or of following 
the discussion which took place in Scotland when the author 
dealt with the same subject, and he very much wished that some 
of the representatives of the Scottish shale fields were present at 
the meeting. 

Considering the question of the author’s theory merely from 
the geological point of view, there was a very great deal that 
required to be explained in Scotland with regard to the anticlines 
and synclines and the deposits of oil-shale as they occurred in 
that country. He did not think the author had given any table 
of analyses of the Scottish oil-shales showing the percentage of ash 
or mineral matter, which was seldom less in Scottish shales than 
70 per cent. or thereabouts. In that case there would be a very 
large amount of so-called argillaceous strata to absorb the 
inspissated petroleum. 

In Australia, however, where.some of the very richest deposits 


ew 
ost 
as 
nd 4 
a 
ng 
a 
to 
d 
to j 
k 3 
n 
f 4) 
1 
r a 
nd 
; 


272 CRAIG: KEROGEN AND KEROGEN-SHALES. 


of shales in the world occurred, there was sometimes not 1 per 
cent. of argillaceous matter. In that country there were beds 
several feet in thickness which, apparently, the author considered 
as containing inspissated petroleum. Not only that, but the shale 
in Australia lay very flat, and it was constantly found, on going 
down some of the gentle slopes, that the richest shales lay at the 
lowest portions. He could quote one or two similar instances 
of that kind in Scotland. 

There would be also, he was sure, a very great conflict of opinion 
on the chemical side of the question. The nitrogen content of 
Australian shale was frequently fully equal to that of Scottish 
oil-shale. When shale was distilled by destructive distillation, 
a crude oil was obtained which the author called petroleum. As 
& matter of fact, it was not petroleum, but shale-oil, essentially 
different in its chemical characteristics, The percentage of 
paraffins in petroleum oil was high, while the percentage of olefines 
was low, but the reverse was the case in shale-oil. The difference 
was very great, and the author had, perhaps rather wisely, not 
dealt with that subject in his paper. 

The author had given an instance, with which he agreed in some 
respects, in regard to bitumen manjak, or Trinidad bitumen. He 
had frequently noticed that the first distillation of such bitumen 
scarcely varied, from beginning to end, in specific gravity, a regular 
and really a destructive distillation being obtained. When the 
product was re-distilled, fractional distillation resulted in which 
the products came off in a regular series. The chemical change 
in the organic matter present in the shales had, he thought, during 
the course of years, resulted in a somewhat similar compound. 

Mr. W. H. Manfield thought it would be an advantage to the 
oil-shale industry if the term ‘ kerogen’ were clearly defined, 
and perhaps the author could give an absolute definition of it. 

The President, in view of the lateness of the hour, requested 
those members who desired to contribute to the discussion to 
forward their remarks in writing to the Secretary for incorporation 
in the Journal of the Institution. The members had had the pleasure 
of hearing what he ventured to think was an epoch-making paper. 
However the subject was viewed, he thought all would agree that 
the Institution was the better for having received such a valuable 
contribution. It was unnecessary for him to remind the members 
of the enormous amount of work such a compilation must have 
entailed, and in that respect they were extremely indebted to the 
author for the great care and pains he had taken in putting the 
paper before them. He would ask the members to accord their 


DISCUSSION. 273 


very best thanks to the author for such a useful contribution to 
the literature of petroleum. 


The resolution of thanks was carried by acclamation. 


Mr. E. H. Cunningham Craig, in reply, said he was sorry 
more time was not available for discussion. As Mr. Sutherland 
had hinted, quite a lively discussion took place at the meeting of 
the Royal Society in Scotland when he put forward some of the 
views contained in the paper, but without the microscopical 
evidence that he had adduced on the present occasion. 

There was very little for him to reply to. He had not examined 
sufficient of the Australian shales to say that they were all of the 
torbanite type, but he believed they mostly were, i.e. their matrix 
was coal, and the yellow-bodies or kerogen globules were developed 
throughout the matrix, sometimes to such an extent that they 
anastomosed and formed the bulk of the rock. In the richest 
shale the percentage of nitrogen was very small, he believed about 
“28. Not wishing to press the point too far against the oil-shale 
people, he had discussed shale-oil as if it were a petroleum,—no 
doubt of a very different kind, but as a petroleum. Analyses 
show the differences very clearly. The yield of oil from Albertite, 
which was one of the most highly inspissated of the intrusive 
manjaks, was about 65 gallons per ton. 

He wished to disclaim, in answer to Mr. Manfield’s question, 
all responsibility for the definition of “ kerogen.” ‘* Kerogen ” 
was a very useful little term ; it was a sort of wastepaper basket 
into which one could put everything from which petroleum was 
distilled which could not be extracted by the ordinary organic 
solvents. He had taken the word simply as it had been used in 
Scotland, to represent the organic contents of Scottish oil-shale. 
Unfortunately that meant that not only the real kerogen but the 
carbonaceous material was also included in any analysis that was 
made of the Scottish oil-shale. Therefore when such analyses 
were dealt with, for instance, those that Mr. J. B. Robertson had 
made and which had been published by the Royal Society of 
Edinburgh, not only was kerogen being dealt with, but also quite 
a considerable proportion of carbonaceous and coaly matter. 
“ Kerogen ” was not a precise term, and it could not be defined 
precisely. 

He thanked the members for the very kind way in which they 
had received his attempt to solve one of the larger problem: 
connected with petroleum. 

The meeting then terminated. 
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Fifteenth General Meeting. 


A Meeting of the Institution of Petroleum Technologists was 
held at the House of the Royal Society of Arts, John Street, 
Adelphi, W.C., on Tuesday evening, 16th May, 1916, Professor 
John Cadman, C.M.G., D.Se., M.Inst.C.E. (President), occupying 
the Chair. 

The Members of Council present were Messrs. Herbert Barringer, 
Andrew Campbell, E. H. Cunningham Craig, Arthur W. Eastlake, 
and T. C. Palmer, Dr. F. Mollwo Perkin, and Sir Boverton Redwood. 

A considerable number of visitors was present, amongst them 
Lady Redwood. 

The President, in opening the Meeting, said that the Insti- 
tution in the past had been singularly fortunate in the selection 
of the authors of the papers read at its meetings, and he ventured 
to think that the present occasion would prove no exception. 
Mr. Campbell had exceptional experience in his subject, and the 
members would doubtless listen with the createst interest to his 
remarks. 

The following paper was then read, illustrated by many 
excellent lantern slides 


Petroleum Refining. 
By Anprew Member. 


Srxce the formation of this Institution, papers have been read 
relative to various branches of the petroleum industry. You have 
listened to valuable contributions on the finding, storage, trans- 
port, and cracking of petroleum, and on other equally important 
subjects, but, so far, nothing has been said about refining. This 
paper therefore is intended to sketch for you, in very general 
terms, an account of the process and plant for that purpose, purely 
from a refiner’s point of view. By the term refining, the 
“ straight’ process only is meant, and not those involving 
cracking, so many of which have occupied considerable attention 
in recent years. On looking into the matter, although there is 
little difference in the process for converting petroleum into 
marketable products to that employed when the author first made 
acquaintance with it nearly thirty years ago, the enormous develop- 
ment of the industry has necessitated the work being carried out 
on a scale of greater magnitude, and consequently plant has been 
enlarged to suit the altered conditions. 
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The selection of a refining process and plant depends entirely 
on two factors: 1, the character of the crude material as revealed 
by analysis, and 2, the market in which the products are to be sold. 
Thanks to the energy and ability of the shipbuilding industry, the 
facilities for the transport of petroleum products by sea are now 
so extensive that markets on one side of the world are accessible 
for products prepared on the other. Huge quantities of petrol, 
kerosene, and residues may therefore be transported from their 
country of origin and manufacture, where no market for them 
exists, to markets where they are saleable, to the mutual benefit of 
all the industries concerned. 

As already stated, the process of refining to be applied to any 
particular oil depends on its composition, as shown by analysis, 
and on the market for the products. It may be the case that the 
crude oil contains residues, of little value except as fuel, and a small 
percentage of distillates of low boiling-point, or it may be that the 
crude yields all possible products from petrol to coke or pitch, 
which it is desirable to manufacture. If the former, the process 
will be brief, and the plant inexpensive, as compared with the 
lengthy process of full refining required in the latter case. 

Refining operations consist of three distinct branches:—1, 
Distillation: 2, Paraffin extraction and refining: 38, Chemical 
treatment. 

The following diagram is illustrative of the full process, which, 
of course, may be modified to suit the problems presented by the 
raw material. 

The distillation process may be subdivided into that for crude 
oil and kerosene, that for benzine, and that for heavy oils. 

Crude Oil Distillation.—In refineries of magnitude some form of 
continuous distillation has superseded periodic or intermittent 
operation, and consequently reference to the latter will be unneces- 
sary. When only a small percentage of low-boiling fractions is to 
be removed from the ernde oil, the process is known as “ topping,” 
and a convenient form of apparatus for the purpose is the tower 
still. This consists of a vertical cylinder, properly insulated, and 
fitted with perforated plates resting at intervals on pipes, through 
which superheated steam travels to the bottom of the tower, where 
it enters. The pipes thus serve the double purpose of conveying 
the steam to its inlet, and of heating the oil to be distilled. The 
steam, on entering the cylinder, ascends, meeting the crude oil, as it 
descends from plate to plate, in a regulated stream, and carrying 
with it, to the outlet, the light fraction which the operation is 
intended to remove. Superheated steam should be used, but not at 
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too great pressure, for this tends to increase mechanical “ carry- 
over,” and cause discoloration of the distillate. To rectify contami- 
nation of this kind, the vapours are passed through an atmospheric 
condenser, which acts as a trap to separate any undistilled oil. 
The good-coloured distillate passes on to the preheater and 
condenser. 


Almes pherve Condemser 
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Fic. 47. Topping Still. 


A still 23 feet in height and 7 feet in diameter will “ top” 10 to 
15 per cent. of a suitable crude oil at the rate of 300 tons daily. 

A new departure in distillation, introduced within the last few 
years, is the film still, invented by Mr. M. J. Trumble, a Californian 
chemist, designed on the principles of maximum heating and 
evaporating surfaces, minimum erection and working costs, and 
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maximum throughput. The crude oil is heated to the desired 
temperature in pipes or retorts set in a primary furnace, the hot 
gases of combustion from which are utilised to heat the distillation 
chamber proper. This is a vertical cylinder, and the oil entering 
it at the top is spread over and through perforated plates, falling 
on a cone-shaped imperforate plate, to divert the continuous stream 
of oil to the sides of the still, down which it flows in a thin film. 
Other conical plates, arranged at intervals underneath, maintain 
the flow in the desired channel until it reaches the bottom, where 
the outlet is situated. Steam may be used to assist the evaporation, 
and the vapours are led into a vertical column, and thence to the 
condensing arrangements. The fuel consumption is exceptionally 
low, and it is claimed that the still can also be used for complete 
distillation as well as for ‘‘ topping.” 

When 60 to 70 per cent., comprising all the benzine, kerosene, 
and perhaps the intermediate fractions, are to be removed, it is 
common practice to distil the crude oil in a series of cylindrical 
stills, connected continuously. Their capacity and number depend 
on the proposed throughput, and on the number of fractions to be 
separated. The best-known system is that patented in 1883 by 
Mr. Norman M. Henderson, the Manager of the Broxburn Oil Co., 
Ltd., for the distillation of shale-oil, and since adopted by many 
refiners for petroleum. In this system the crude oil flows from a 
charging tank, erected at a suitable elevation, through a preheater, 
heated by the passage, from the second or other still, of distillates 
of suitable temperature, and thence into the first still. Here it is 
raised to distillation-temperature, and the specific gravity of the 
distillate therefrom fixed. The feed of crude oil is constant, the 
residue formed in the still passing through a connection at the 
bottom into the second still in the series, at the top, and led from 
back to front so that the inlet and outlet may be as far apart as 
possible. Here it is raised to a higher temperature yielding a 
distillate of higher specific gravity, the residue passing on to still 
No. 3, and so on through the series of stills until it reaches the 
point where all the benzine, kerosene, and intermediate distillates 
are removed. 

All these stills are provided with plugs which fit into the run-off 
pipes, and, when lowered, close the outlet, in event of accident to 
the connecting pipes or control cocks. An arrangement of the 
flues enables the gases from the hottest furnace partly to fire the 
still next lower in temperature. 

The residue from the last continuous still is led to one or other 
of a series of coking or pitch stills, where the distillation is com- 
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pleted as desired. If coking is intended, 2,000-gallon stills are a 
convenient working size, and these are constructed with cast-iron 
bottoms, readily renewed. Pitch stills are of larger capacity, and 
are connected to vessels in which the pitch is cooled when run from 
the still. Much time may be saved in working coking. stills by 
heating them to distillation-point before charging the hot residue. 
The still must be filled with steam, and if the distillate contains 
much solid paraffin, the condenser-temperature must not be so low 
that the paraffin will solidify in the condenser-pipes, and cause 
trouble by throwing pressure on the still. When there is a 
tendency to “cracking,” the distillation of the residue is conducted 
under partial vacuum, maintained on the still by means of a 
c2 24 


Fie. 48. Continuous Distillation Plant. 

A, Stills. B, Distillate Preheaters. C, Condensers to A. D, Condensers 
to B. E, Residue Preheater. F, Crude oil entry from settling tank. 
G, Residue exit to receiver. 
suitable air-pump. Should it be decided to conclude the distillation 
after 60 to 70 per cent. is removed, residue preheaters are installed 
in place of coking or pitch stills, with considerable economy in 
fuel, through the exchange of heat between the hot residue leaving, 
and the cold oil entering, the system. A large amount of steam is 
required for complete distillation, and is generated by a battery of 
boilers conveniently situated. Superheaters are provided for the 
steam entering the residue stills. Arrangements for collecting the 
distillates may be made at the worm end of the condensers, or they 
may be led into a tailhouse in which the separators are placed. Con- 
densers are now constructed on the radiator principle, with excellent 
results as regards efficiency, size of tank, and economy in water. 

The measurements of the cylindrical stills described above are 
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19 feet in length and 7 feet in diameter, but a much larger capacity 
has for a long period been employed on the Continent. The largest 
within the author’s knowledge measures 30 feet in length by 10 feet 
in diameter. These are fitted with internal flues to increase the 
heating surface, and with both distillate and residue preheaters. 
The residues from these benches, when not used or sold as fuel, are 
distilled, as required, in plant similar to that described under 
Henderson's system. In some refineries an arrangement has been 
installed for the recovery of the waste gases from the stills, and by 
consuming these either as fuel, or as an illuminant, a certain 
economy has been obtained. 

Redistillations of kerosene are conducted in stills of the same 
design as those employed for crude oil, and in countries where the 
rainfall is excessive, all stills are covered with iron roofing to 
prevent the brickwork becoming saturated, and the stills themselves 
chilled. 

The redistillation of benzine is performed in stills heated with 
superheated steam passed through coils of ample heating surface. 
A cylindrical form is the most suitable, as it gives the maximum 
evaporating surface in relation to the contents. If good fractionation 
is of importance in the problem to be considered, a fractionating 
column must form an adjunct to the still, and of this apparatus 
there are numerous designs. Most distillers work arrangements 
found best suited to their own particular requirements, and many 
engineering firms specialise in the construction of such plant. The 
principal dephlegmation, however, is the same in every case where 
close separation of fractions is necessary. The Heckman still and 
column is well known as a useful arrangement for this purpose. 

The redistillation of heavy oil and paraffin and of lubricating oil 
base may take place without or after chemical treatment. The heavy 
oil is distilled down to such point as may be decided, and the lubri- 
cating oil base either run for distillate lubricants, or concentrated 
to yield residues. This may be done in 2,000-gallon cast-iron- 
bottom coking stills, or in cylindrical stills of larger capacity, in 
accordance with the quantity to be treated. When there is a 
sufficiently large quantity, the distillation may be performed in 
continuous stills. As in the case of the coking stills, these are 
also connected to a vacuum-pump, in order to prevent cracking, and 
fractional atmospheric condensers may be fitted for the separation 
of the distillates. Superheated steam plays an important part in 
this distillation, and is best controlled when the superheaters are 
built in separate furnaces, independently fired. 

In most refineries a certain amount of the crude oil residues is 
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reserved for distillation and steam-raising fuel, and is consumed in 
one or other of numerous devices for obtaining efficient and 
economical combustion. 

Paraijin Extraction and lefining.—Should the heavy oil con- 
taining paraffin be of the quality it is desired to obtain, it is passed 
to the extraction-plant, but if not, it may be necessary to subject it 
to chemical treatment and redistiliation. When it reaches the 
paraffin shed, as the extraction-plant is usually termed, it is cooled 
by natural means as far as possible. That is, it is allowed to repose 
in tanks until it is much lower in temperature than when received 
from the stills, and to assist this the tanks are sometimes sprayed 
with cold water. Thoroughly freed from water, the oil is trans- 
ferred to an apparatus in which it is cooled to any desired tempera- 
ture by artificial means. Refrigerators working on the compression 
system are mostly employed, and the mediums in use are liquefied 
ammonia or carbonic acid, although in some older establishments 
ether is still in use. To obtain the best results, the cold filtrate 
from the filter-presses is utilised in specially designed heat-inter- 
changers, either as an auxiliary cooling agent for the compressed 
gas of the refrigerator before it enters the expansion coils, or to 
reduce the temperature of the oil as far as possible before it enters 
the coolers proper. 

Cooling may be applied in one or two stages, depending on the 
amount of solid paraffin present in the oil, and on the temperature at 
which the filtrate is to be free from visible traces of it. Apparatus for 
this purpose may be divided into two classes: those cooled by brine 
circulation, and those cooled by direct action of the refrigerating 
agent. Of the former class, that patented by Mr. Norman M. 
Henderson in 1884 is perhaps the most popular. It consists of a 
shell in which cells are arranged, brine circulating through the 
entire inner surface, which corresponds to the area of cooling sur- 
face presented to the oil. A shaft passes through the centre of the 
cells, to which scraper arms are attached, to keep the oil in motion, 
and prevent the paraffin solidifying on the plates. The rate of 
cooling is regulated by the temperature of tbe brine circulated, and 
the vessel contains about 1,000 gallons at a charge. When the oil 
reaches the temperature decided on, the brine circulation is shut off, 
and the contents pumped through the filter-presses. 

Another design is that consisting of an inner pipe, in which a 
scraper operates, with an outer casing through which brine is 
circulated. There are several rows of these pipes, one above the 
other, connected together, and the oil is pumped directly through 
into the filter-press. Mr. James Bryson, Works Manager of 
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the Pumpherston Oil Co., Ltd, is responsible for a cooler of 
this type. ; 

Some refiners have adopted the direct-cooled type of cooler 
in preference to the brine-cooled system, and in the apparatus 
devised the oil is pumped continuously over the chamber in which 
the ammonia expands. That designed by Mr. A. C. Thomson, 
the Works Manager of the Oakbank Oil Co., Ltd, is worked 
on this principle, although it may also be cooled by brine- 
circulation. 

It is usually understood that slow-cooling, as in the first type of 
cooler, is more conducive to good crystallisation of the paraffin 
than the rapid cooling of the other system, though advocates of the 
latter claim that they procure equally good results. 

The crude scale is separated from the frozen mass by pumping it 
through filter-presses to as high a pressure as 150 lbs. per sq. inch. 
With some scale this is sufficient to separate the bulk of the oil, 
but frequently a further pressing by hydraulic power is necessary 
before the scale is dry enough to pass on to the refining stage. 
The filter-presses, the plates of which are covered with specially 
woven cloth, are arranged in rooms properly insulated against 
weather conditions, and maintained at the working temperature hy 
means of brine-chilled pipes suspended from the ceiling, and 
supplied from the refrigerator. Another method is to circulate air, 
chilled by being passed over a nest of brine coils, through the filt« r- 
pi ss room. When the presses are full of scale, the plates are 
opened, and the contents dropped into a conveyor working in a 
trough in the floor. In this way the scale reaches either the 
hydraulic presses or the melting tanks. 

Another process for the separation of paraffin from paraffin oil 
mixtures, perhaps worthy of attention, is that patented on the 
Continent by the Triester Mineralél Raffinerie, Trieste, and int: o- 
duced to notice in this country by Mr. Von Groeling. It is, to 
quote a translation of the official description, ‘“‘ based on a quality 
of paraffin not hitherto known in the industry, i.e., that under 
certain conditions it precipitates out of the oily solution. These 
conditions are that a fluid mixture of paraffin and oil is cooled 
down uniformly through and through without being exposed to 
the usual motion in cooling apparatus, but being left almost at 
rest.” What slight motion is required to prevent the liquid next 
the casing of the vessel from solidifying, and forming a non- 
conducting coating, is provided by the slow movement of a skeleton 
scraper round the inner surface of the vessel, which is simply cooled 
by a stream of water running down the outside. ‘“ The precipita- 


CAMPBELL: PETROLEUM REFINING. 


— SECTION — 


il 
TT 
il 
12%, 
i 
. 
iit 
4 
acs 
acs Inlet 
J 
TL oil 
Outlet. 
ELEVATIONS 
Fic. 49. Thomson's Cooler 


284 CAMPBELL : PETROLEUM REFINING. 


tion of the paraffin crystals starts at the moment when the setting 
point is reached in the cooling described, and this is allowed to 
continue until a little more than the lower half of the cylinder is 
filled with paraffin crystals.” The cylinder, or tank, in which the 
operation takes place is fitted with a false bottom of gauze, on 
which the paraffin precipitates. The oil is then run off, which 
it does freely, and may then be cooled artificially to remove the 
softer paraftins, while the precipitated paraffin goes to the refining 
plant. The apparatus is exceedingly simple, consisting of a water- 
cooled tank, and a slowly rotating scraper or paddle. 

Parajiin liesininy.—The crude scale, even after hydraulic pres- 
sing, still contains traces of the heavy oil, and this must be 
removed before the colour becomes perfectly white. To attain 
this object, and to fractionate the scale into one or more grades 
of wax, it is subjected to the “sweating” process. This may be 
performed separately on each grade of scale, or together, as found 
by experiment to be the best procedure. The original sweating 
process was brought out many years ago by Price’s Candle 
Co., and was worked as follows, and the same arrangement of 
trays is in daily use in many refineries for forming the finished 
wax into blocks of convenient size to pack for transport, the 
blocks being despatched in wooden cases or in bags, the latter 
usually double. 

The melted scale, freed from dirt and water, was run into a 
wooden trough set on the top of an iron rack supporting twelve dozen 
fiat trays, each containing 10 lbs. of wax, in twelve vertical rows. 
An outlet, stopped with a plug, over each row, allowed the melted 
scale to flow into the uppermost tray, from which it overflowed 
through a slit in the end to the tray underneath, and so on to the 
twelfth or bottom tray. The racks were arranged in a well- 
ventilated apartment. After cooling to atmospheric temperature, 
the solidified cakes were loaded on a trolly, and conveyed to the 
sweating room. There they were laid on shelves tilted at a slight 
angle to permit the sweatings to reach the collecting troughs 
quickly. To ensure as good a separation of the oil as possible, the 
shelves were covered with cocoa-nut matting. As will be obvious, 
the process entailed a large amount of labour, and here again 
Mr. Henderson showed his genius, inventing in 1887 what is 
universally known as “‘ Henderson’s sweating stove.” This consists 
of a frame on which are set, one above the other, nine trays 
measuring 21 feet long by 6 feet broad and 6 inches deep and 
having a total scale capacity of 7 tons. Gauze is stretched across 
these, about 2 inches from the bottom, and the frame is provided 
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with an arrangement for tilting the trays to an angle sufficient to 
ensure good drainage. The frames are erected, either singly or in 
pairs, in rooms heated and ventilated in turns. When in the level 
position the trays are filled with water as far as to the gauze. The 


Fic. 50. Wax cake after Sweating. 


melted wax is then run in, and the whole allowed to cool, ventila- 
tion being assisted if necessary with electric fans. The time 
required for this depends on the melting-point of the mixture to be 
sweated, and on the weather conditions. When uniform solidifi- 
cation is reached, the water is run off, and the trays tilted. Heat 
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is then applied, and sweating carried on until the residue is of the 
melting-point aimed at. The sweatings running off are fractionated 
to suit the general process. All the sweats are thoroughly drained 
from the trays, and the residue on the gauze being melted by steam 
is diverted to its proper receiver. The frame is returned to its level 
position, and is ready for refilling with crude material. 

In working this plant in a tropical country, trouble was ex- 
perienced in cooling the wax contents of the trays uniformly. 
When the sweating chamber became heated with the steam coils, 
it was impossible to cool it and the trays to the proper point, 
without a considerable loss of time, because of the slight difference 
between their temperature when newly filled with scale and that 
of the atmosphere. To overcome this, in one refinery, two frames 
were fixed on wheels and arranged to be pulled out of, or into, the 
sweating chamber at will, a capstan being used for this purpose. 
A frame, while outside, and therefore removed from the influence 
of the heated building, is charged in the ordinary way. After 
cooling it is pulled into the chamber, and sweated, and on com- 
pletion of that operation is pulled out into the open air. A second 
frame alternates, one frame entering the chamber every 24 hours. 
Working under tropical conditions, the capacity of the plant was 
increased 50 per cent. 

Mr. Henderson also invented another form of sweating plant 
which occupies less space than the tray form, i.e. more scale may 
be sweated in the same cubic capacity. This, which is said to give 
excellent results, consists of upright cylinders, made of light sheet- 
iron, 9 feet high and 17 inches in diameter, within which other 
cylinders 7 inches in diameter are fixed. The latter are open at 
top and bottom, and the annular space between them and the 
larger cylinders is fitted with a false bottom of gauze, a few inches 
above the real bottom, where the outlet cock is placed. The inner 
cylinder is covered on the side next the outer cylinder, with several 
plies of wire gauze. The manipulation is the same as with the 
trays, the scale occupying the space between the two cylinders. 
The wire gauze acts as a wick to carry off the sweats as they part 
from the scale, and drainage may be assisted by the suction of a 
steam injector. 

Another form of plant for sweating paraffin is that patented by 
Dr. Pyzel, and “consists of a long passage provided with rails or 
tramways on which the sweating vessels placed on trucks or cars 
are run into the oven.” The heat is supplied by blowing air over 
a hot coil into the passage so that the sweating takes place pro- 
gressively as the trucks advance towards the outlet. An air-sluice 
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arranged at each end of the tunnel ensures a minimum loss of heat 
when the vessels are entered or removed. The bottom of the 
passage slopes towards the outlet to facilitate the movement of the 
trucks, and the sweats are conducted into gutters arranged in the 
floor. The finished wax is melted in the outlet air-sluice. 

Crude scale may be transferred from the paraffin shed to the wax 
refinery in the solid state, but where possible, it is more convenient 
to do this in the liquid condition by blowing it through pipes. 
These require steaming before and after each batch is sent through, 
to prevent clogging. Scale at this stage often contains traces of 
finely divided carbonaceous matter, carried over in the distillation, 
and rather difficult to see with the naked eye. This, if allowed to 
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Fic. 51. ‘ Pull-Out ” Sweating Stoves. 


C, Carriage. 7, Trays. RT, Receiving Tank. FP, Filling Pipe. 
SHC, Steam Heating Coils. W, Winch. 


accumulate, causes a lot of trouble by clogging the gauze in the 
sweating trays, and preventing good separation of fractions, and it 
should be removed by filtration in the course of transfer. 

The “sweats” are returned for redistillation and the sweated 
wax, now of the desired melting-point, in one or more grades, 
passes through its final stage of refinement and decolorisation. 
Notwithstanding the treatment it has undergone, it still contains 
traces of colouring matter, which must be removed before it is 
suitable for candle manufacture. With this intention it is mixed 
with or filtered through some decolorising medium. Charcoal, 
fuller’s earth, Japanese acid clay, and infusorial earth have been 
employed with varying results. Bauxite has proved very efficacious, 
not only for this purpose, but for the decolorisation of kerosenes 
and lubricants, and it has also proved valuable in absorbing 
odoriferous bodies which other, treatments failed to remove from 
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distillates. The wax is best brought in contact with the bauxite 
by filtration. Before use, and after grinding toa suitable degree of 
fineness, it is incinerated until all, or nearly all, the water in 
combination which it contains is expelled, and to obtain a good 
effect, all free moisture must be eliminated from both wax and 
bauxite. Filtration is continued until the average filtrate possesses 
the intended degree of colour, and this may be accurately controlled 
by the use of a Lovibond tintometer adapted for the examination 
of melted wax. For large manufacturers a filter containing 1 ton 
is ® convenient size, as it permits 25 to 50 tons of wax to be 
filtered at each charge of bauxite. A filter of this type should be 
made without any seams except for the- run-off at the bottom. 
When the material is exhausted, it is discharged into a trolly for 
conveyance to an extractor of the Merz type, where the wax still 
adhering is dissolved out with petrol. A tilting arrangement 
inverts the filter while still hot, causing the charge to slide into 
the trolly. After the solvent is thoroughly expelled by steaming, 
the bauxite is conveyed to the incinerating furnace, where any 
remaining traces of hydrocarbon are burnt off, leaving it ready for 
use once more, and practically in possession of its original 
decolorising efficiency. Such losses as are sustained are chiefly 
mechanical, and are due to the lightness of the material. 

To prevent traces of the filtering material reaching the finished 
blocks of wax it is, after decolorisation, passed through filter 
paper on its way to the cooling racks already described. The 
Bryson filter is an efficient apparatus for the purpose, and has to a 
great extent superseded the rather cumbersome cylindrical filter 
used for so many years. 

Chemical Treatment.—The vessels in which oils are treated with 
chemicals are called ‘* washers,” and are mostly cylindrical in 
form, erected upright or in a horizontal position. Agitation is 
produced by mechanical means, or by blowing compressed air 
through a perforated pipe laid near the bottom. The simplest 
form of mechanical stirrer is the paddle, attached to a central 
shaft, which lashes the sulphuric acid, or other chemical, and the 
oil violently together. Another form, fitted on vertical washers, is 
the screw or spiral, operated inside a central cylinder, in which 
open ports are cut at the bottom. This action draws the liquid in 
at the bottom, and throws it out at the top, forming circles of 
liquid from the centre to the sides as the screw revolves. This is, 
however, not considered violent enough for some purposes. Perbaps 
the most violent agitation obtainable for the same power exerted is 
that produced in the “Typhoon” apparatus, the invention of an 


CAMPBELL: PETROLEUM REFINING. 289 


Associate Member of this Institution, Mr. Robert B. Grey. In this, 
a propeller revolved by the shaft, produces a vortex which is broken 
by a plate lowered into the liquid. 

A method of treating petrol well worthy of attention is that 
which may be called the absorption system, and consists of passing 
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petrol with little or no disturbance through vertical vessels con- 
taining the chemicals with which it is desired to bring it in contact. 
The rate of travel is determined, and the reactions seem to take 
place as efficiently as by agitation. The risk of loss of spirit is 
claimed to be reduced to a minimum. 
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Kerosene is agitated by compressed air, a medium quite unsuited 
for petrol treatment for obvious reasons, and the washers for this 
purpose are frequently of very large capacity. The same agitating 
medium is used for heavy oils, although the vessels seldom exceed 
100 barrels in size, since heavy oils, more particularly the viscous 
lubricants, are more difficult to treat than kerosene or petrol. 
Considerable experience is necessary for the successful treatment of 
lubricants, some of which are very apt to emulsify during neutrali- 
sation with caustic soda. 

Many processes have been patented for recovering sulphuric acid 
and other chemicals employed in mineral oil refining, but I do not 
know of one by which these may be cheaply converted to their 
original condition, although waste chemicals are employed in some 
refineries for the manufacture of by-products. 

An outstanding development in the treatment of kerosene is the 
process for refining petroleum with liquefied sulphur dioxide, 
invented and worked successfully on a manufacturing scale by 
Dr. Edeleanu, the eminent Rumanian chemist. To be equal to 
the finest grade, kerosene must burn, in any type of lamp, quite 
steadily, with little fluctuation in intensity of light, and with a 
smokeless flame. The majority of crude oils yield kerosenes which 
do not conform to these requirements. Dr. Edeleanu found that 
the cause of this inferiority could be removed by a physical method 
of extraction, without resource to chemical treatments which are 
more or less destructive. The extraction of these bodies reduces 
the specific gravity in proportion to the percentage removed, and 
renders the oil equal in burning quality to the best natural 
distillates. 

The process will best be described in Dr. Edeleanu’s own 
words :— 

‘‘The process depends on the peculiar property possessed by 
liquid sulphurous acid of dissolving the aromatic and other heavy 
hydrocarbons present in petroleum distillates. When such a 
distillate is shaken at low temperature with liquid sulphurous acid, 
the latter dissolves the above-named hydrocarbons, while leaving 
the paraffin hydrocarbons and naphthenes unaffected. Separation 
is simple, on account of the difference in specific gravity of the 
two liquids, in accordance with which they form two distinctly 
separated layers. The process of solution is as follows. A certain 
quantity of liquid sulphurous acid is dissolved in the petroleum 
distillate, the quantity depending on the temperature. Each tem- 
perature requires a certain degree of saturation; the higher the 
temperature at which the experiment is carried out, the more 
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sulphurous acid is necessary for saturation. As soon as the point 
of saturation is reached, any further addition of sulphurous acid 
separates out with the aromatic and heavier hydrocarbons, whereby 
separation into two layers takes place. By continuing to treat the 
dlistillate with sulpburous acid, it becomes increasingly poor in 
aromatic hydrocarbons, until at last there ‘is on the one hand a 
purified distillate, and on the other an extract which contains the 
aromatic hydrocarbons dissolved in the sulphurous acid. The 
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Fie. 53. Sulphur-Dioxide Process. 
purified distillate is almost free from aromatic hydrocarbons, and 
now contains much less dissolved sulphurous acid than at the 
beginning of the separation, owing to the gradual removal of those 
hydrocarbons, which are the particular solvents for the sulphurous 
acid.” 

It will be observed that low temperature plays an important part 
in the extraction, and this is produced, in course of the process, 
by the compression and expansion of the sulphur dioxide itself. 
The working temperature is—10° C. Regarding the extract, 
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Dr. Edeleanu says :—‘‘ The extract obtained in addition to illumina- 
ting oil contains, as mentioned, aromatic hydrocarbons and hydro- 
carbons rich in carbon. On account of their low-burning capacity 
they cannot be employed as burning oils; nevertheless, by dividing 
the extract into two products by redistillation, the lighter become 
turpentine substitutes or, mixed with light benzine, motor-spirit of 
high efficiency, and the heavier a motor oil for Diesel motors.” 

Thus the kerosene is divided into two parts by the treatment : 
(1) high-class illuminating oil, and (2) an extract which, if burned, 
emits volumes of dense black smoke. The plant for carrying out 
the process has been designed on most perfect lines, and its cycle of 
operations is completed with great regularity. The cost varies 
with its capacity: for instance, that for treating a Rumanian 
distillate, with sulphurous acid costing 18 francs per 100 kg., is 
quoted at 8°9 shillings per ton in a plant of 65 tons daily capacity, 
while in a 500-ton plant, the cost is quoted at 3-26 shillings. 

Elimination of Sulphur from Distillate——It is also claimed for 
the Edeleanu process that the liquid sulphurous acid dissolves out 
sulphur-containing constituents from distillates. A kerosene dis- 
tillate with a sulphur-content of 0-6 per cent. was reduced to 0-08 per 
cent., whilst another containing 0°46 per cent. showed only 0-04 per 
cent. after extraction. The process therefore eliminates the objec- 
tionable odour of the distillates from crude oil containing 
sulphur-compounds. This may also be accomplished by treating 
the distillates, before treatment with sulphuric acid, and in similar 
or the same apparatus, with an alkaline solution of litharge. The 
reduction in sulphur-content effected in this manner is similar to 
that obtained in the Edeleanu process. 

Candle Manufacture—When this branch of the industry is 
carried on as part of the refinery proper, the melted wax is run 
direct from the filters to the mixing tubs, and there mixed with a 
certain percentage of stearine. When this is not possible, the 
cakes are melted by open steam. Paraffin itself becomes plastic 
under the influence of gentle heat; the addition of stearine there- 
fore is to increase the bending-point of the candle made from it, 
and to impart to it a “skin ” wh.ch it would not otherwise possess 
on leaving the moulds. The mixture is clarified by adding a small 
quantity of oxalic acid to throw down any lime salts left behind by 
the condensed steam. The precipitate carries down with it any 
other mechanical impurities which may be present. Care is exer- 
cised to settle completely any traces of water, since, if any remain, 
spluttering will result when the candle is burned. The wax is run 
from the tub into a steam-jacketed pan, where any traces of 
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impurities are readily detected. It is lifted therefrom by means of 
a “ swimmer,” a ladle-shaped scoop, and transferred to a “jack” 
or bucket with a flat spout, which delivers an even stream of liquid 
wax to the candle-moulding machines. This is usually done by 
hand, although in some factories the wax is transferred through 
pipes. The machine consists of rows of block-tin moulds, cast on 
a very highly polished mandril to ensure that the inside surface is 
perfectly smooth, and screwed or fitted into the steel trough which 
forms the top of the water-chamber. The bottom or butt of the 
candle is flush with the steel plate, and the tip, or shoulder, is 
formed by the movable polished tip mould, with which the body 
mould is closed. The tip is attached to the hollow piston, and is 
pierced to allow the wick to pass from the bobbins arranged under- 
neath, The pistons, all of the seme length, rest on a lifting-plate, 
raised and lowered by a rack or screw-gear fitted on both ends of 
the frame. When the melted wax is poured in, sufficient is left in 
the trough to allow the moulds to fill up as their contents contract 
with cooling. The temperature of the moulds must not be too 
low, for, if it is, air bubbles carried in by the melted wax will 
not be expelled, and these will give the candle a “ pitted "’ surface. 
The cooling water is circulated until the wax reaches the correct 
degree of solidification, when the wick is severed from the pre- 
viously completed candle, and the excess wax in the trough 
trimmed off with a knife. The lifting-gear raises the batch of 
candles from the moulds into the clamp resting on the top of the 
frame, the same movement drawing the exact amount of wick 
from the bobbins into correct position in the moulds ready for the 
following batch of candles. The time required for one “lift” 
depends on the melting point of the materials, and the temperature 
of the cooling water. 

Machines are now made in this country with as many as 
860 moulds, although some American machines are said to be 
fitted with as many as 800. 

Many tints of candles are made by adding organic colouring 
matter to the mixture in the steam-heated pan in sufficient quantity 
to produce the depth of colour desired. 

Wicks are woven in such a number of threads and strands as 
is suitable for consuming the material of a candle of certain dia- 
meter at a given rate of burning, are impregnated with ammonium 
nitrate to render them self-snuffing, and prevent smouldering after 
the candle is extinguished, and are wound by the makers in con- 
venient sizes of bobbins to suit the machines. 

Candles are made in innumerable sizes and shapes, plain and 
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ornamental, and packing them for the market is a laborious busi- 
ness, although many operatives attain marvellous speed at the 
work. The making of cases for the transport of packages fornis 
a considerable section of a candle factory, entailing the use of 
branding and nailing machines. 

Packages are required for distributing petrol and kerosene, and 
the special machinery involved is considerable, especially when 
various sizes are necessary for market demands. 2-gallon tins for 
petrol, 4-gallon tins for kerosene, or 4-gallon drums, are the usual 
capacities of such packages. The petrol tins and the drums are 
formed of heavier sheets than the kerosene tins. Tins may be 
made by different systems: the single-seam, the double-seam, and 
the hemmed-edge. The seam here referred to is the joint between 
top and bottom and the body. The two latter are most in favour 
on account of the greater strength of the completed tin. All 
joints are soldered, and machinery is now in use for carrying 
out this operation, for which great economy in labour is claimed. 
For the filling of packages with accurately measured quantities, 
numerous labour-saving devices are in constant service, some 
working by measurement and some by the weight of the liquid. 
Petrol tins are returnable from users, and must be thoroughly 
cleansed before refilling, and for this purpose ingenious machines 
are in regular employment. 

The making of cases for carrying tins to their destination, 
necessitates the same class of machinery as that employed in the 
candle department, although in some countries the case is dis- 
pensed with, and the naked tins delivered to dealers in specially- 
constructed wagons. 

For the distribution of lubricating oil, casks are required, and 
if a supply of second-hand casks is unavailable, they must be made 
from staves and ends procured from suppliers who specialise in 
this work, and in that case all the machinery for setting up casks 
and making hoops will be required. If a good supply of second- 
hand casks is procurable, these must be thoroughly cleansed before 
use, and sorted into grades on arrival at the cooperage, some 
requiring simple steaming and drying, while others may require 
to be taken to pieces, thoroughly cleaned, and reassembled. This 
is a laborious, though necessary, operation if contamination of fine 
products is to be prevented. Coating the inside of casks with glue, 
and thoroughly drying with hot air, are also important stages in 
the preparation of a cask. 

In addition to the foregoing the following departments go te 
form a complete refinery: storage for crude oil and products, 
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supply of water for steam raising and condensation, electric 
lighting and power, offices and laboratories, workshops and stores 
of supplies, drainage, roads and railways, fire appliances, and 
sulphuric acid manufacture. Accidents happen even in the best 
regulated refineries, and their cause is frequently difficult, if not 
impossible, to trace. As a matter of interest the picture now 
thrown on the screen shows a million-gallon crude oil stock tank 
on fire, and the following picture what was left of the tank after 
17 hours burning. 


DISCUSSION. 


Sir Boverton Redwood, Bart. (Past President), in opening 
the discussion, said he supposed that it was truly the case, as 
stated by the author, that there had been comparatively little 
alteration in the process of petroleum refining during the past 
30 years, but the so-called little had nevertheless been of an 
exceedingly important character. A progressive improvement 
in regard to heat-economy had resulted from the adoption of 
effective arrangements for heat-interchange, and whereas in the 
old days of petroleum refining very great waste of heat occurred, 
it might he thought be said that in most modern refineries there 
was very little such waste. That economy had mainly been 
rendered possible by another progressive improvement, namely, 
the gradual substitution of the continuous for the intermittent 
system of distillation. 

Again, he thought that among the improvements of recent years 
must be classed the substitution of the bauxite process for the 
rather brutal method of treatment with sulphuric acid, which 
not only achieved the object in view, but did something besides 
which was not desirable, and the comparison between the two was 
a very good illustration of the superiority of the swaviter in modo 
to the jfortiter in re. He thought they must also class among 
the modern improvements, although it was not at present univer- 
sally or even very largely adopted, Dr. Edeleanu’s highly ingenious 
method of eliminating some of the undesirable hydrocarbons, the 
process so well described by the author, and its effect so admirably 
illustrated in the lamps exhibited. 

The author must have found it very difficult to select from 
the wealth of his long and wide experience matter for the paper. 
It was very difficult to deal with so wide a subject as petroleum 
refining in a single paper, and those who had ever made an attempt 
to present the subject in a concise form would admire the manner 
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in which the author had done so. He had given an excellent 
comprehensive account of petroleum refining, which would always 
furnish a good starting point for those more detailed papers on 
various branches of the subject which doubtless would be read 
before the Institution in years to come. The only other remark 
he desired to make was that the members present might con- 
gratulate themselves on having had the opportunity of seeing 
on the screen the admirable illustrations which the author had 
provided. 

Mr. C. B. Rosenplaenter said that as an old oil refiner, he 
desired to endorse the statement made by Sir Boverton Redwood 
with regard to the great value of Mr. Campbell's paper, in that 
it contained within a very short compass the main points connected 
with the development of this subject during the past 35 years. 

The author had had the exceptional advantage of having to 
deal from the start with oils which were very difficult to refine. 
Other petroleum engineers who, like himself, commenced by dealing 
with American and Russian oils, started on easy work, and 
subsequently had to tackle more complicated problems, without 
due preparation. 

He had the opportunity for about five or six years of dealing 
in Assam with an oil, in regard to which he believed that, if the 
Edeleanu process had been known at the time, it would have been 
possible to compete successfully with the Standard Oil Company’s 
imported kerosene. In those days it was not even known that 
it was the aromatic and unsaturated contents of the oil that made 
it smoke to such an extent, and an endeavour was made to sell 
the oil for burning in duplex burners, with disastrous results on 
the curtains of the bungalows. They tried to remedy this defect 
by designing an appropriate lamp, as was done with the Kumberg 
burner when Russian oil was first introduced to England and on 
the Continent. A modified Ditmar Favourite lamp helped them 
to get over the difficulty to a certain extent, but they did not 
succeed in inducing everybody to buy that special make of lamp, 
and the trouble continued, although he believed that now it might 
be solved by the application of the Edeleanu process. 

There were a few questions he desired to ask, to which he hoped 
the author would be able to give satisfactory replies. With oils 
rich in paraffin, such as were found in Assam and Burma, those 
concerned were never quite sure whether it would not be more 
advantageous to use the cast-iron-bottom cracking still, and 
allow the oil to crack to a certain extent, when they were satisfied 
that the amount of lubricating oil was not of sufficient value and 
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quality to be worth exploiting: wax was the important object 
that had to be borne in mind. It was found that whenever the 
non-cracking process was used, the crystallisation of the wax 
was very much interfered with. A very large quantity of semi- 
amorphous or low-melting-point wax was produced, and the quality 
of the lubricating oils was by no means satisfactory. That was 
probably due to the nature of the crude oil, which did not contain 
lubricating oils of high quality. Again, with oils that contained 
asphalt as well as paraffin wax, the cracking still seemed to produce 
very disastrous results by a carrying-over with the paraffin of 
quite a noticeable quantity of asphalt or pitch, which also inter- 
fered to a certain extent with the distillation. In oils of that 
class it was desirable to decide at once whether it was better to 
use the cylindrical still with a large quantity of steam, stopping 
the distillation before the pitch was carried over, producing a 
larger quantity of low-melting-point paraffin wax, and losing 
but a small quantity of high-melting-point wax with the pitch, 
or to crack up and carry the whole lot over, and trust to the 
separation of the wax from the pitch by crystallisation. He had 
not had much experience of these points in treating such oils, and 
he would be glad of further information on the subject. He would 
also like to know if a vacuum distillation in the pot-still reduced 
the quantity of the scale rather than increased it. The Henderson 
cooler was used in Assam, and the author had experienced the 
same difficulties in a tropical country as the speaker, In Assam 
great stress was usually laid on the “ distillation” for the pro- 
duction of scale, and if the quantity of low-melting-point wax and 
amorphous wax was large, the blame was assigned to the distillation, 
and not to the cooling. No opportunities occurred of making 
tests with different classes of coolers, as only the Henderson was 
used. 

He would also like to know whether in the author’s opinion 
the rate of cooling affected the scale to any extent. That was a 
point which greatly interested him. 

With regard to the question of “* return sweats ”’ for re-distillation, 
he would like to know whether or not a higher-melting-point wax 
was produced by re-distillation, or only an easier separation effected 
by a greater concentration of the wax. 

Mr. A. Duckham enquired whether to the author’s knowledge 
the Edeleanu process was used in this country. He happened 
to know it was used in France, because, smelling sulphur dioxide, 
he asked a French officer whether gases were being prepared for 
use against the Boches, and he replied that they were not, but 
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that a firm was refining oil with sulphur dioxide. It would be 
interesting to know whether the costs per ton given in the paper 
for the process included capital charges. He was under the 
impression that the plant was rather an expensive one. He took 
it for granted that the figures given did not include any royalty 
charges. 

He was certainly of the opinion that the Edeleanu process had 
a very great future before it. In connection with Trinidad oil, 
great difficulty had been experienced with the kerosene, but some 
experiments made in his laboratory in connection with the use 
of sulphur dioxide gave remarkable results, far better than could 
be obtained with any other process of refining which was tried. 
He also desired to know whether the author knew of the use of 
the process in connection with the refining of heavy oils, such as 
lubricating oils. For instance, it might possibly be used with 
aulvantage in the refining of pharmaceutical oils, or such oils as 
were used in electrical transformers, which had to be specially 
pure as far as possible, preferably pure paraffin. He presumed 
that in such a case it would, on account of the low temperatures, 
be necessary to dilute the viscous oil with spirit, then to treat 
with sulphur dioxide and lastly to distil off the spirit again. 

Prof. Brame said there were several points in the paper which 
particularly appealed to the chemist. Sir Boverton Redwood 
had mentioned the question of the use of bauxite. He did not 
know whether it had struck the members chat the action of bauxite 
was very remarkable. Bauxite, when in a pure condition, was 
practically a hydrated aluminium oxide, and it had been shown 
by recent work that it was undoubtedly a colloid. It was a 
remarkable thing that that solid substance apparently had the 
power of attracting unsaturated hydrocarbons and sulphur- 
compounds, and of fixing them in some way, and he was struck 
with the idea that that might be associated with the colloidal 
condition in which it originally existed. He would like to know 
from the author whether any attempt had been made to use 
~lloidal substarices in the refining of oils. Colloidal ferric 
hydroxide or colloidal aluminium hydroxide could be obtained, 
and would probably be even more active than the bauxite. 

He also desired to mention one or two points in connection with 
the sulphur dioxide process, in which he was much interested. 
The process seemed to him to promise to solve some of the diffi- 
enlties in relation to the removal of sulphur-compounds from 
ils. The members of the Institution knew that certain com- 
pounds of sulphur were very difficult indeed to eliminate from 
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oil, and they would be very glad to be able to avail themselves 
of methods by means of which it was possible to remove them. 
It would be interesting to know whether the sulphur-compounds 
were simply soluble in the sulphur dioxide, or whether the sulphur 
dioxide decomposed the sulphur-compounds which were present 
in the oils into possibly free sulphur, a very similar reaction taking 
place to that obtained in regard to sulphuretted hydrogen. Sulphur 
was very easily soluble in liquid sulphur dioxide. A great deal 
was known about certain sulphur-compounds in oil, but there were 
many about which practically nothing was known. There was 
very considerable scope for research in connection with sulphur- 
compounds in oils. 

He would also like to know, in regard to the samples of oil burned 
in the lamps exhibited by the author, whether they had been in 
any way treated with acid before the sulphur-dioxide treatment, 
or were they simply distillates which had been treated directly 
with the sulphur-dioxide process ? 

It had been stated in the paper that the kerosene fraction showed 
a marked reduction in the percentage of sulphur it contained. 
Presumably therefore the sulphur went into the other portion, 
which the author stated could be used for motor-spirit, refined 
spirit of one sort or another, or as a turpentine substitute. Ili 
the sulphur-compounds had gone into that fraction, surely there 
was a big increase in its sulphur content, which might seriously 
interfere with its utilisation. In one of the diagrams shown on 
the screen, the percentage of material in the sulphur-dioxide 
extract was given as 28 per cent., and 77 per cent. as refined kero- 
sene. He would like to know whether the 23 per cent. represented 
in any way the unsaturated and aromatic hydrocarbons which 
were present in the oil before treatment. 

Dr. Dunstan said the paper raised one or two points of particular 
interest to the chemist, to which he would like to refer. First 
of all, with regard to the action of bauxite, taking it as a typical 
colloid, it seemed to react in two ways, as far as he could see. In 
the first place, colloids such as bauxite, animal charcoal and 
fuller’s earth would naturally, by specific surface action, adsorb 
substances of high molecular weight present in the oil. But 
recent work seemed to show that bauxite reacted in a way yet 
more complex. If such a substance as pinene was passed over 
bauxite, polymerization took place, and it had been suggested 
that this proceeded normally at a slow rate of reaction, but that 
the bauxite, possibly with occluded and dissolved oxygen, served 
as an activitor, and increased the rapidity of the polymerization. 
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In the paper on kerogen, read a short time ago before the Insti- 
tution, the point of view was very clearly brought out that the 
polymerization effect was very marked indeed with such sub- 
stances as inorganic colloids. 

He did not quite gather from the author's statement whether 
the Trieste process of producing paraffin crystals was in any way 
different in principle from the older methods. From a physico- 
chemical point of view he suggested that if a super-saturated 
solution of paraffin crystals in heavy oil were produced, one way 
of bringing it down to the crystal state would be by the method 
of “seeding.” Had the addition of already existing crystals of 
paraffin to a super-saturated solution of paraffin scale in oil on 
the point of crystallising been tried ? 

The sulphur-dioxide process, which was one of enormous possi- 
bilities and potentialities, was now attracting the attention it 
deserved. He did not agree personally with the view that sulphur 
dioxide was a pure solvent ; in fact, he did not believe in solution 
at all from the physical point of view. He thought that when 
A dissolved in B, chemical action of some sort took place, and a 
chemical compound was produced, possibly loosely combined ; 
the sulphur dioxide would combine with just those organic com- 
pounds present in the oil which were unsaturated, and therefore 
capable of uniting. The aromatic hydrocarbons and the unsatu- 
rated compounds, which Marcusson had shown to be so disastrous 
to the lubricating properties of a heavy paraftin, were in that 
category. He could not recall to mind any well-known organic 
sulphur-compound which could be regarded as saturated. The 
bisulphides, mercaptans, and thioethers all contained sulphur, 
which was an element particularly susceptible to addition, and 
the action of sulphur dioxide was, he thought, due to the forma- 
tion of definite, perhaps loosely combined, chemical compounds. 

Mr. E. A. Evans said that with reference to the adsorption 
of the aromatic and other compounds with bauxite, he would like 
to know whether the heating of the bauxite reduced to any appreci- 
able extent the amount of adsorption and subsequent use in the 
treatment of oil. He would also like to know whether the amount 
of carbonisation of the wick in lamps was reduced to any appreci- 
able extent by the sulphur-dioxide treatment of the oil. Was 
the author also able to state approximately the degree of con- 
centration of the oxalic acid used in the purification of the 
paraffin wax for candle manufacture. 

The President, before calling upon the author to reply, 
expressed on behalf of the members their great indebtedness to 
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him for the very valuable paper he had contributed to the pro- 
ceedings of the Institution. On coming into the room Mr. 
Campbell had confided to him that he felt some diffidence in reading 
the paper, in that he was not accustomed to laying his views before 
an audience of such «a character; but all present would agree 
that such uneasiness was quite needless. He asked the members 
to express their appreciation by acclamation. 


This suggestion was heartily acted upon by the members. 


Replying to the several questions raised, Mr. Campbell re- 
marked that the semi-amorphous matter mentioned by Mr. 
Rosenplaenter was formed in distillation under partial vacuum, 
and had not been found to interfere with the crystallisation, 
unless too low a temperature had been maintained. The filtration 
of this portion at low temperature might be very tedious, and the 
extent to which extraction was desirable depended on the desired 
quality of filtrate. Usually the lubricant produced by vacuum- 
distillation was of greatly improved quality. 

Both with normal pressure and with partial vacuum, asphalt 
was often carried over, and where this difficulty could not be 
avoided by regulation of fire, steam and vacuum, it might be 
necessary to treat the vitiated fraction and distil again. 

The rate of cooling assuredly affected the quality of the scale : 
that formed quickly did not refine so easily as the slowly-cooled 
wax. The slowest rate of cooling would not, however, compensate 
for serious errors in distillation, or objectionable characteristics 
in the crude material which made distillation difficult. 

Redistillation of returned sweats resulted in easier separation 
and greater concentration of the wax, provided that the fractional 
sweating had been thoroughly effected. 

As far as he knew the Edeleanu process was not worked in this 
country. The figures given in the paper for the cost of the installa- 
tion were supplied by Borsigs’ engineering firm, which erected 
the plant, at any rate before the war. The plant was erected at 
a certain contract price, which was guaranteed, and if it did not 
work out at that price the contractors forfeited so much money. 
It seemed to him that the transaction was a pretty good one from 
the buyer’s point of view. It was intended to extend the use of 
the system to lubricating oils, although that was not its primary 
object. 

Prof. Brame had asked whether any colloids were used in 
connection with paraffin refining. Personally he knew of none. 
With regard to sulphur being dissolved, and giving a reaction, 
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personally he could only repeat what Edeleanu set forth in his 
pamphlets on the subject, and Dr. Edeleanu did not say one thing 
or the other on that point. He simply referred to a reduction 
of from -6 to -08 and from -4 to 04. The figures given on the 
diagram to which Prof. Brame referred represented the amount 
of extract working on that particular Rumanian distillate. In 
some oils the extract amounted to as much as 40 per cent.; in 
others it was only 10 per cent., depending on the composition of 
the oil. 

Dr. Dunstan had asked whether the method had been adopted 
of adding paraffin crystals to a super-saturated solution of paraffin 
scale in oil on the point of crystallisation. He did not know 
whether that method had been used, although it might have been. 

With reference to the question of the decolorisation of the 
bauxite, the reduction in the quantity of wax filtered in the oils 
that he had seen treated was simply due to the decolorising action, 
and the amount of loss was extremely small. The amount retained 
was equal to the amount of colouring matter removed. If 
bauxite after decolorising wax or oil was extracted, the remaining 
oil or wax in it removed with petrol, and the bauxite afterwards 
extracted with ether to dissolve out the colouring matter, it was 
possible to get the two quite separate. The quantity was very 
small in both cases. 

He could not state offhand the strength of the oxalic acid used 
in candle manufacture, although it was a fairly strong solution 
It was necessary to be guided by the circumstances of the case. 

In conclusion, he thanked the members for the hearty vote of 
thanks that had been accorded to him and for having so patiently 
listened to his remarks. 
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and flexibility. Specially suitable for importing and 
distributing companies, and used largely for discharging Tank Ships, &e. 


W. H. WILLCOX & CO., LTD., 


4 


PATENT 


TYPHOON AGITATORS 


FOR WASHING PETROLEUM, PETROL, LUBRICATING OILS, BENZOLE, 
EDIBLE OILS AND MIXING ALL FLUIDS AND SEMI-FLUIDS. 


SAVE TIME AND POWER. 
THEIR SIMPLE CONSTRUCTION, HIGHLY EFFICIENT 
IN ACTION, ENSURES A BETTER PRODUCT AT A 
LOWER COST. 


Write for Particulars to Patentees, 


W. CHRISTIE & GREY,-LTD., 


5, LLOYD’S AVENUE, LONDON, E.,C. 
Telegrams: ~YPHAGITOR, FEN, LONDON. Telephone: AVENUE 1321. 
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GAS AND WATER \ 
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EVERYTHING SUPPLIED TO DRILL AND ff]. 
EQUIP OIL, ELLS. 
7 4 
DASHWOOD HOUSE, LONDON, E.C. 
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